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INTRODUCTION AND SUMMARY
INTRODUCTION
The Great Lakes Water Quality Agreement, with Annexes and Texts
and Terms of Reference Between the United States of America and Canada,
signed at Ottawa on April 15, 1972, included a reference to study pollu-
tion in the Great Lakes System fromagricultural, forestry, and other
land use activities. The reference asked that the study assess whether
the boundary waters of the Great Lakes System were being polluted by land
drainage and if so, what remedial measures would provide improvements in
controlling pollutants from land usage. The need for better definition of
the impact of land use activities, practices and programs on water quality
in the Great Lakes area had become increasingly magnified. Through the
Agreement, both the United States and Canadian governments requested the
International Joint Commission to investigate land use activity impacts
upon the Great Lakes. Accordingly, the International Reference Group
on Great Lakes Pollution From Land.Use Activities was established in
December, 1972, and produced a detailed study plan (February, 1974and
updated with the detailed study plan supplement August, 1976) outlining
an intensive study, scheduled for completion in 1978.
 
The final report will consist of study conclusions and recommendations
by PLUARG to the International Joint Commission.
 
Detailed Study Plan,7February,1974
The study plan emphasizes four main tasks:
Task A: To assess problems, management programs and research
and to attempt to set priorities in relation to the best information now
available on the effects of land use activities on water quality in bound—
ary waters of the Great Lakes.
Task B: Inventory of land use and land use practices, with emphasis
on certain trends and projections to 1980 and, if possible, to 2020.
Task C: Intensive studies of a small number of representative water—
sheds, selected and conducted to permit some extrapolation of data to the
entire Great Lakes Basin and to relate contamination of water quality, which
may be found at river mouths on the Great Lakes, to specific land uses and
practices.
Task D: Diagnosis of degree of impairment of water quality in the
Great Lakes, including assessment of concentrations of contaminants of
concern in sediments, fish and other aquatic resources.
PURPOSE
né
Background information on characteristic Basin properties such as
land use and related materials usage, physical fabric, climate, population
and related socio-economic data is required
for developing the land use
and water quality relationships and providing a foundation for assessment
5
of trends in land use patterns and practices.
Towards these ends the
Reference Group felt that an inventory of land use and land use practices
l
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FIGURE 2
A SCALE IN MILES
LAKE MICHIGAN BASIN
STUDY
AREA
0
1o
20
so
40
so
 Materials Usage
Thi
s a
cti
vit
y p
rov
ide
s a
n i
nve
nto
ry
of
pro
duc
tio
n a
nd/
or
usa
ge
wit
hin
the
Gre
at
Lak
es
Bas
in
of
cer
tai
n m
ate
ria
ls
app
lie
d t
o l
and
s w
ith
a p
ote
nti
al
for
rea
chi
ng
the
Gre
at
Lak
es
thr
oug
h l
and
dra
ina
ge.
The
mat
eri
als
to
be
inv
ent
ori
ed
inc
lud
e c
hem
ica
ls,
ani
mal
was
tes
, c
omm
erc
ial
fertilizers, agricultural lime, and road salts.
Future Trends
The
obj
ect
ive
in
thi
s s
ect
ion
is
to
ide
nti
fy
and
ass
ess
fut
ure
tre
nds
in
maj
or
lan
d u
ses
, s
pec
ial
ize
d l
and
use
s,
mat
eri
al
usa
ge,
and
rel
ate
d
inf
orm
ati
on
whi
ch
may
aff
ect
the
dra
ina
ge
of
pol
lut
ant
s i
nto
the
Gre
at
Lak
es
for
the
tar
get
yea
rs
198
0,
200
0,
and
202
0.
In
ord
er
to
fac
ili
tat
e t
he
org
ani
zat
ion
of
inf
orm
ati
on
int
o u
sab
le
for
mat
, t
he
0.8
. T
ask
B h
as
bee
n o
rga
niz
ed
int
o f
ive
vol
ume
s a
nd
a s
umm
ary
.
Eac
h v
olu
me
add
res
ses
one
of
the
fiv
e G
rea
t L
ake
s B
asi
ns.
The
inf
orm
ati
on
with
in e
ach
volu
me h
as b
een
subd
ivid
ed i
nto
indi
vidu
al p
lann
ing
suba
reas
rep
res
ent
ing
the
maj
or
dra
ina
ge
bas
ins
in
eac
h l
ake
.
Bas
ic
inf
orm
ati
on
for
each planning subarea is presented on a county basis.
GENERAL SUMMARY
The
Tas
k B
eff
ort
is
aim
ed
at
pro
vid
ing
an
inv
ent
ory
of
var
iou
s
cat
ego
rie
s a
ffe
cti
ng
lan
d d
rai
nag
e o
r p
oll
uti
ona
l m
ate
ria
ls
to
the
Gre
at
Lak
es.
In
gen
era
tin
g d
ata
nec
ess
ary
to
com
ple
te
the
inv
ent
ory
, a
var
iet
y
of
sou
rce
s w
ere
uti
liz
ed,
inc
lud
ing
sta
te
age
nci
es,
rec
ogn
iZe
d e
xpe
rts
in
the
fie
ld,
pub
lis
hed
rep
ort
s a
nd
doc
ume
nts
, i
n a
ddi
tio
n t
o i
nfo
rma
tio
n
con
tai
ned
in
the
Tas
k A
Rep
ort
s.
Som
e b
ack
gro
und
inf
orm
ati
on
has
bee
n
com
pil
ed
as
sup
por
tin
g d
ata
for
thi
s i
nve
nto
ry.
Thi
s m
ate
ria
l i
s a
vai
lab
le
for
rev
iew
at
the
Gre
at
Lak
es
Bas
in
Com
mis
sio
n i
n A
nn
Arb
or,
Mic
hig
an.
Bec
aus
e m
ost
of
the
dat
a c
oll
ect
ed
ref
lec
ts
con
dit
ion
s b
etw
een
197
0
and
197
3,
it
may
not
ref
lec
t e
xac
tly
the
cur
ren
t s
itu
ati
on.
How
eve
r,
it
see
ms
rea
son
abl
e t
o a
ssu
me
tha
t n
o m
ajo
r c
han
ges
haV
e o
ccu
rre
d i
n t
he
las
t
thr
ee
yea
rs
to
sig
nif
ica
ntl
y a
lte
r t
he
gen
era
l p
ict
ure
thi
s i
nfo
rma
tio
n
att
emp
ts
to
por
tra
y.
Ide
all
y a
con
tin
uou
s u
pda
tin
g o
f t
his
inf
orm
ati
on
wou
ld
be
of
sig
nif
ica
nt
uti
lit
y t
o r
ese
arc
her
s,
pla
nne
rs
and
tho
se
inv
olv
ed
with managing the water resources of the Great Lakes. Figures 1 and 2
show
the
area
of s
tudy
for
the
Lake
Mich
igan
Basi
n as
deve
lope
d in
this
volume.
Physical Fabric
Phy
sic
al
fab
ric
inf
orm
ati
on
con
sid
ere
d i
mpo
rta
nt
to
lan
d d
rai
nag
e/w
ate
r
qual
ity
rela
tion
ship
s in
clud
es g
eolo
gy,
soil
s, m
iner
als,
clim
ate,
surf
ace
and
grou
nd w
ater
, v
eget
atio
n an
d wi
ldli
fe,
demo
grap
hic
and
econ
omic
char
acte
rist
ics
were
also
cons
ider
ed a
s th
ey r
elat
e to
the
huma
n ad
apta
tion
and use of this physical environment.
The
Lake
Mich
igan
basi
n is
the
only
of t
he G
reat
Lake
s ba
sins
that
lie
s e
nti
rel
y w
ith
in
the
Uni
ted
Sta
tes
.
Sev
era
l g
lac
iat
ion
s h
ave
res
ult
ed
in
a g
ent
ly
rol
lin
g t
o h
ill
y t
err
ain
ove
r t
he
bas
in.
The
nor
the
rn
por
tio
n
of t
he l
ake
basi
n do
es c
onta
in m
ore
rugg
ed r
elie
f.
Post
glac
ial
stre
ams
have
rewo
rked
.the
glac
ial
mate
rial
in m
any
of t
he v
alle
ys a
nd h
ave
depo
site
d
allu
vium
, w
hich
is h
ighl
y pe
rmea
ble
to t
he f
low
of w
ater
and/
or g
as.
Most
of t
he s
oils
in t
his
basi
n ar
e qu
ite
arid
and
low
in o
rgan
ic m
atte
r.
5
 T
h
e
c
l
i
m
a
t
e
o
f
t
h
i
s
l
a
k
e
b
a
s
i
n
v
a
r
i
e
s
f
r
o
m
s
e
m
i
—
m
a
r
i
n
e
t
o
a
c
o
n
t
i
—
n
e
n
t
a
l
c
l
a
s
s
i
f
i
c
a
t
i
o
n
.
I
n
g
e
n
e
r
a
l
,
t
h
e
m
o
d
e
r
a
t
i
n
g
e
f
f
e
c
t
s
o
f
L
a
k
e
s
S
u
p
e
r
i
o
r
a
n
d
M
i
c
h
i
g
a
n
a
r
e
f
e
l
t
i
n
a
l
l
p
o
r
t
i
o
n
s
o
f
t
h
i
s
b
a
s
i
n
w
i
t
h
s
h
o
r
e
—
l
i
n
e
c
o
u
n
t
i
e
s
i
n
M
i
c
h
i
g
a
n
t
h
e
p
r
i
n
c
i
p
a
l
b
e
n
e
f
i
c
i
a
r
i
e
s
.
T
h
e
r
i
v
e
r
s
y
s
t
e
m
s
o
f
t
h
e
b
a
s
i
n
a
r
e
t
y
p
i
c
a
l
l
y
s
h
o
r
t
w
i
t
h
l
i
m
i
t
e
d
d
r
a
i
n
a
g
e
b
a
s
i
n
s
.
I
n
t
h
e
s
o
u
t
h
e
r
n
p
o
r
t
i
o
n
o
f
t
h
e
b
a
s
i
n
u
r
b
a
n
i
z
a
t
i
o
n
a
n
d
i
n
d
u
s
t
r
i
a
l
i
z
a
t
i
o
n
h
a
v
e
c
r
e
a
t
e
d
s
e
r
i
o
u
s
w
a
t
e
r
q
u
a
l
i
t
y
p
r
o
b
l
e
m
s
.
G
r
o
u
n
d
w
a
t
e
r
p
o
t
e
n
t
i
a
l
i
n
t
h
i
s
l
a
k
e
b
a
s
i
n
i
s
t
h
e
g
r
e
a
t
e
s
t
o
f
a
n
y
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
s
u
b
a
s
i
n
s
.
H
o
w
e
v
e
r
,
p
o
l
l
u
t
i
o
n
a
n
d
c
o
n
t
a
m
i
n
a
t
i
o
n
o
f
a
q
u
i
f
e
r
s
h
a
s
o
c
c
u
r
r
e
d
a
n
d
i
s
a
c
o
n
t
i
n
u
i
n
g
p
r
o
b
l
e
m
.
L
a
k
e
M
i
c
h
i
g
a
n
e
n
c
o
m
p
a
s
s
e
s
a
w
i
d
e
v
a
r
i
a
t
i
o
n
i
n
v
e
g
e
t
a
t
i
o
n
,
r
a
n
g
i
n
g
f
r
o
m
h
e
a
v
i
l
y
f
o
r
e
s
t
e
d
n
o
r
t
h
e
r
n
p
o
r
t
i
o
n
s
to
a
g
r
i
c
u
l
t
u
r
a
l
a
n
d
i
n
d
u
s
t
r
i
a
l
a
r
e
a
s
,
w
i
t
h
l
i
t
t
l
e
t
r
e
e
c
o
v
e
r
r
e
m
a
i
n
i
n
g
i
n
t
h
e
s
o
u
t
h
e
r
n
p
o
r
t
i
o
n
.
T
h
e
L
a
k
e
M
i
c
h
i
g
a
n
b
a
s
i
n
h
a
d
t
h
e
l
a
r
g
e
s
t
p
o
p
u
l
a
t
i
o
n
of
t
h
e
f
i
v
e
l
a
k
e
b
a
s
i
n
s
i
n
19
70
.
T
h
e
r
e
is
a
d
i
s
t
i
n
c
t
c
o
n
t
r
a
s
t
i
n
p
o
p
u
l
a
t
i
o
n
,
w
i
t
h
a
h
i
g
h
l
y
u
r
b
a
n
i
z
e
d
s
o
u
t
h
e
r
n
h
a
l
f
,
a
n
d
t
h
e
n
o
r
t
h
e
r
n
o
n
e
—
h
a
l
f
d
e
v
o
t
e
d
to
t
h
e
d
e
v
e
l
o
p
m
e
n
t
a
n
d
u
t
i
l
i
z
a
t
i
o
n
o
f
r
e
c
r
e
a
t
i
o
n
a
l
r
e
s
o
u
r
c
e
s
.
Major Land Uses
I
n
c
o
n
j
u
n
c
t
i
o
n
w
i
t
h
t
h
e
U
.
S
.
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
,
P
u
r
d
u
e
U
n
i
v
e
r
s
i
t
y
d
e
v
e
l
o
p
e
d
a
g
e
n
e
r
a
l
i
ze
d
la
nd
u
s
e
m
a
p
p
i
n
g
fo
r
th
e
f
o
l
l
o
w
i
n
g
c
a
t
e
g
o
r
i
e
s
of
la
nd
u
s
e
—
r
e
s
i
d
e
n
t
i
a
l
,
c
o
m
m
e
r
c
i
a
l
,
r
o
w
cr
op
,
c
l
o
s
e
g
r
o
wn
cr
op
,
p
a
s
t
ur
e
,
fo
re
st
,
w
a
t
e
r
an
d
w
e
t
l
a
n
d
s
—
u
t
i
l
i
z
i
n
g
th
e
E
a
r
t
h
R
e
s
o
u
r
c
e
T
e
c
h
n
o
l
o
g
y
S
a
t
e
l
l
i
t
e
(
L
A
N
D
S
A
T
w
l
)
i
n
f
o
r
m
a
t
i
o
n
.
T
h
i
s
p
r
o
v
i
d
e
d
a
c
o
m
p
l
e
t
e
c
o
ve
r
a
g
e
of
th
e
U.
S.
p
o
r
t
i
o
n
of
th
e
G
r
e
a
t
L
a
k
e
s
Ba
si
n.
S
p
e
c
i
a
l
i
z
e
d
L
a
n
d
U
s
e
s
T
h
e
s
p
e
c
i
a
l
i
ze
d
la
nd
us
e
s
c
o
ve
r
e
d
in
th
is
r
e
p
o
r
t
a
r
e
d
i
s
p
o
s
a
l
o
p
e
r
a
-
ti
on
s,
er
os
io
n,
i
n
t
e
n
s
i
v
e
l
i
v
e
s
t
o
c
k
o
p
e
r
a
t
i
o
n
s
,
h
i
g
h
d
e
n
s
i
t
y
n
o
n
s
e
w
e
r
e
d
r
e
s
i
d
e
n
t
i
a
l
ar
ea
s,
an
d
r
e
c
r
e
a
t
i
o
n
a
l
la
nd
s.
T
h
e
s
e
c
a
t
e
g
o
r
i
e
s
a
r
e
c
o
n
s
i
d
e
r
e
d
to
b
e
th
e
m
o
r
e
s
i
g
n
i
f
i
c
a
n
t
n
o
n
p
o
i
n
t
s
0
ur
c
e
s
of
p
o
l
l
u
t
i
o
n
a
f
f
e
c
t
i
n
g
th
e
w
a
t
e
r
q
u
a
l
i
t
y
of
t
h
e
G
r
e
a
t
L
a
k
e
s
.
Di
sp
os
al
op
er
at
io
ns
in
cl
ud
e
li
qu
id
wa
st
e,
so
li
d
wa
st
e,
dr
ed
ge
sp
oi
l,
an
d
d
e
e
p
w
e
l
l
d
i
s
p
o
s
a
l
.
T
h
i
s
l
a
k
e
ba
si
n,
b
e
c
a
u
s
e
of
it
s
a
r
e
a
s
of
l
a
r
g
e
po
pu
la
ti
on
an
d
in
du
st
ri
al
iz
at
io
n,
ha
s
a
la
rg
e
nu
mb
er
of
li
qu
id
an
d
so
li
d
w
a
s
t
e
d
i
s
p
o
s
a
l
o
p
e
r
a
t
i
o
n
s
.
I
m
p
a
c
t
s
on
w
a
t
e
r
q
u
a
l
i
t
y
w
i
l
l
v
a
r
y
w
i
t
h
si
te
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
a
n
d
th
e
ty
pe
of
m
a
t
e
r
i
a
l
d
i
s
p
o
s
e
d
of
.
A
to
ta
l
of
37
si
te
s
ar
e
dr
ed
ge
d
on
an
av
er
ag
e
an
nu
al
ba
si
s,
an
d
60
pe
rc
en
t
of
al
l
th
e
ma
te
ri
al
s
dr
ed
ge
d
co
nt
ai
n
po
ll
ut
ed
se
di
me
nt
s
re
qu
ir
in
g
co
nf
in
em
en
t.
De
ep
we
ll
di
sp
os
al
op
er
at
io
ns
ar
e
fo
un
d
in
In
di
an
a
an
d
Mi
ch
ig
an
on
ly
.
P
r
o
b
l
e
m
s
h
a
v
e
a
r
i
s
e
n
i
n
t
h
e
p
a
s
t
f
r
o
m
t
h
e
d
i
s
c
h
a
r
g
e
o
f
e
f
f
l
u
e
n
t
s
f
r
o
m
p
l
u
g
-
g
e
d
a
n
d
a
b
a
n
d
o
n
e
d
w
e
l
l
s
,
a
n
d
f
r
o
m
t
h
e
h
i
g
h
l
y
c
o
r
r
o
s
i
V
e
n
a
t
u
r
e
o
f
s
o
m
e
o
f
t
h
e
w
a
s
t
e
i
n
j
e
c
t
e
d
.
Er
os
io
n
oc
cu
rs
in
tw
o
pa
rt
ic
ul
ar
ar
ea
s
-
la
ke
sh
or
e
an
d
ri
ve
rb
an
k.
Du
e
to
th
e
wi
nd
sw
ep
t
na
tu
re
of
Mi
ch
ig
an
's
lo
we
r
pe
ni
nS
ul
a,
mo
st
du
ne
an
d
 bluff areas are exposed and during high lake levels are particularly
vulnerable to erosion. The most widespread influence from riverbank
erosion is the downstream effect on water and related land resources.
Additional sedimentation, nutrients and contaminants can enter the water.
The water pollution problems associated with intensive livestock
operations are those due to runoff from land used for animal production.
The states surrounding Lake Michigan contain many large livestock opera-
tions. The major drainage from lands containing livestock operations
enters Lake Michigan from Wisconsin and southwestern Michigan.
Seventeen percent of all urban and rural non—farm residential
are
as
are
not
con
nec
ted
to
a p
ubl
ic
sew
er
sys
tem
.
Non
sew
ere
d
homes are more frequently found in the northerly planning
subareas. Impacts may occur in the nutrient enrichment of streams and
lake
s he
avy
conc
entr
atio
ns o
f ch
emic
al c
ompo
unds
, an
d ef
fect
s on
the
general aesthetic environment. Distinct contrasts occur in recreational
facilities and usage. The more populous southern portion of the basin
is o
rien
ted
towa
rd u
rban
recr
eati
onal
uses
, w
hile
the
nort
hern
port
ion
features weekend and vacation use facilities.
Materials Usage
The
mate
rial
s us
age
sect
ion
addr
esse
s pr
imar
ily
agri
cult
ural
oper
a—
tio
ns.
How
eve
r,
an
add
iti
ona
l c
ate
gor
y,
roa
d s
alt
s,
has
bee
n i
nco
rpo
rat
ed
into
the
sect
ion
to a
ddre
ss t
he i
nflu
ence
s of
road
deic
ing
salt
ing
prac
tice
s
upon the water quality of Lake Michigan.
The
Lak
e M
ich
iga
n b
asi
n r
ank
s f
irs
t i
n a
gri
cul
tur
al
pro
duc
tio
n,a
cco
unt
ing
for
ab
ou
t
45
pe
rc
en
t
of
th
e
la
nd
in
fa
rm
s.
Li
ve
st
oc
k
pr
od
uc
ti
on
is
im
po
rt
an
t.
Re
—
la
te
d
to
th
es
e
hi
gh
le
ve
ls
of
li
ve
st
oc
k
pr
od
uc
ti
on
ar
e
hi
gh
le
ve
ls
of
fe
ed
cr
op
pr
od
uc
ti
on
.
Ov
er
ha
lf
of
th
e
Ba
si
n'
s
fr
ui
t
ou
tp
ut
is
gr
ow
n
he
re
.
Po
ta
to
an
d
comm
erci
al v
eget
able
prod
ucti
on a
re s
igni
fica
nt a
nd a
re e
xpec
ted
to
incr
ease
.
Beca
use
of t
his
prod
ucti
on
leve
l in
agri
cult
ure,
mate
rial
s
usa
ge
is
hig
h.
Ove
ral
l a
mou
nts
are
con
sid
ere
d s
ign
ifi
can
t f
or
wat
er
qua
lit
y.
The
majo
r re
sidu
als
gene
rate
d fr
om t
he v
ario
us m
ater
ials
used
in
agri
cult
ural
oper
atio
ns a
re n
utri
ents
and
indu
stri
al c
hemi
cal
mate
rial
s.
The
gene
rati
on o
f nu
trie
nts,
prim
aril
y ni
trog
en a
nd p
hosp
horu
s,
resu
lts
from
anim
al m
anur
es a
nd
fert
iliz
er u
sage
.
Chem
ical
resi
dual
mate
rial
s
are
pri
mar
ily
gen
era
ted
fro
m t
he
use
of
her
bic
ide
s,
ins
ect
ici
des
, a
nd
fung
icid
es o
n cr
ops.
In a
ddit
ion,
road
deic
ing
salt
s ca
n ge
nera
te s
igni
fi-
cant
leve
ls o
f ch
lori
de
conc
entr
atio
ns i
n lo
cali
zed
grou
nd a
nd S
urfa
ce w
ater
areas. A third component, although relatively modest in nature, is the
leaching of liming materials into ground and surface water areas.
Future Trends
The
Lake
Mich
igan
basi
n wi
ll
expe
rien
ce
sign
ific
ant
chan
ges
in i
ts
curr
ent
popu
lati
on l
evel
s ov
er t
he n
ext
seve
ral
deca
des.
By 2
020,
depe
nd—
ing
on t
he O
BERS
Seri
es u
sed,
popu
lati
on m
ay i
ncre
ase
up
to 9
0 pe
rcen
t.
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 PHYSICAL FABRIC
LAKE MICHIGAN BASIN CHARACTERISTICS
The Lake Michigan drainage area extends from just north of Chicago,
north through Wisconsin and Michigan's Upper Peninsula to the Straits of
Mackinac, the outlet of Lake Michigan, then south through Michigan and
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Land Resources
Geology and Geomorphology
 
The Lake Michigan basin lies entirely within the eastern lake section
of the central lowland physiographic province. Several glaciations during the
Paleozoic era have resulted in a gently rolling to hilly terrain over the
basin. The northern portion of the basin does, however, contrast sharply with
the southern part in several respects. Most of lower Michigan and southern
Wisconsin has relatively low rolling relief derived from morainal deposits.
Northward, particularly in upper Michigan, bedrock crops out and forms a more
rugged relief. Elevations exceed 580 meters (1,900 feet) in a few isolated
bedrock peaks in Wisconsin and upper Michigan, but generally the land surface
in the basin is less than 300 meters (1,000 feet). A long narrow prominent
escarpment extending from Michigan's Garden Peninsula, through Wisconsin's
Door Peninsula, to south of Lake Winnebago is formed by the exposed crest of
a dolomite formation.
Glacial deposits cover the basin and create much of the relief.
The morainic system, particularly the end moraines forming large lobate or
arcuate ridges, dominate the basin landscape. The intermorainal areas are
relatively flat and contain numerous bodies of water and wetlands. Low—
lying flat areas of glacial lake origin rim much of Lake Michigan shores.
In addition, the Fox River valley of Wisconsin, the Chicago area, and much
of upper Michigan are underlain by vast areas of glacial-lake beds. Fine
grained glacial lake deposits with low permeability cover much of the shore—
line of Lake Michigan. However, the western shore of the lake south and
east of Green Bay, and parts of the eastern shore, are not covered by glacial
lake deposits and will be more permeable.
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,northwestern Michigan section of the basin while stone and sand and gravel
are principal minerals in most of the basin. Oil, gas, salt, and gypsum
deposits occur primarily in Michigan. Marl is also found in scuthern
Michigan and norfffrn Indiana. Northern Illinois produces peat in signifi—
cant quantities.
Any impacts on water quality occur generally at the time of
extraction of the minerals. Pollutants include sediment, which may enter
surface waters, and dissolved salts, which may enter both surface and ground
water. A more detailed discussion of mineral resources is found under the
subarea sections. .
Water Resources
Elimate
Due to the latitudinal differences, meteorological conditions and
location with respect to the Great Lakes, the climate of this basin varies
from a semi-marine to a continental classification.
The Lakes act as a vast reservoir for the storage and subsequent
exchange of heat energy with the atmosphere, and can significantly alter the
climate over adjacent.land areas. In general, the moderating effects of
Lake Superior and Michigan are felt in all portions of this basin, with the
shoreline counties in Michigan the principal beneficiaries. This effect is
best illustrated by comparing locations of similar latitudes in Wisconsin
(windward side) and Michigan (leeward side). The locations in Michigan will
have more moderate temperatures, more winter precipitation, and less sunshine,
largely due to the presence of Lake Michigan. This moderating effect is
reflected in the large number of fruit orchards along the eastern shore of
Lake Michigan.
Summer temperatures are typically cooler and less humid along the
shores of the lake, while during the winter these areas are warmer than those
inland. Temperature means for the basin range from the mid 20°C (mid 70 F)
for shore areas during the summer to 2°C (20°F) to around —12°C (10°F)
for shore and inland areas respectively during the winter months. The
growing season is also affected by the lake and varies from 180 days
along the shore to 60 days for inland areas.
Annual precipitation is well distributed throughout the year with
a basin average of about 78 centimeters (31 inches). This ranges from 71
centimeters (28 inches) in eastern Wisconsin to 91 centimeters (36 inches)
in northern Indiana. The variation in snowfall is very wide, ranging from
nearly 250 centimeters (100 inches) common in the northern Lower
Peninsula of Michigan to 76 centimeters (30 inches) in the Illinois portion
of the basin. More than 1/2 of the annual precipitation which falls over
the land basin is lost through evaporation. Precipitation is the most
significant input to Lake Michigan, affecting both the water quality and the
water budget. Rain and snow may absorb pollutants in the atmosphere and
contaminate the water. Precipitation is sufficient in this lake basin to
permit leaching from solid waste disposal sites in the cool climate of
the northern section.
Ice cover on Lake Michigan can affect climatic conditions. The
ice creates a barrier between the atmosphere and the relatively warm water.
As a result the lake effects on the climate are diminished. This creates
clear skies for shoreline areas and colder temperatures which are more
11
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The frequency of floods is quite low on the streams, with the
greatest likelihood of flooding in late winter or early spring.
Mild drought
conditions are not uncommon with severe conditions being infrequent and
generally of short duration.
A number of reservoirs also exist on the streams of this basin
area. As of 1974 there were eleven reservoir sites over 200 hectares (500
acres) that had a total surface area of 9,529 hectares (23,545 acres).
Smaller reservoirs less than 200 hectares (500 acres) also exist and total
to 463 sites.
Surface water acreage of rivers, lakes, and embayments in the
basin is estimated at over one million acres. This includes over 6,000
inland lakes estimated to cover over 323,760 hectares (800,000 acres). Lake
Winnebago in east central Wisconsin is the largest inland lake in the basin
at 55,700 hectares (137,600 acres) in size.
The Lake Michigan basin has an abundant supply of surface waters
which is generally of high quality. However, in the southern portion of the
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potential contamination source to the overlying aquifer. Unwise test—drilling
and ground water development practices could result in contamination.
The problem of excessive lowering of water levels has occurred in
several areaswhere increased pumpage or additional construction of wells
has taken place. In addition to the heavily pumped Chicago area, the Green
Bay, Lansing and Milwaukee areas are the major regions that have faced, or
are facing, this problem.
Pollution and contamination of aquifers has occurred and is a
constant potential problem. The area of carbonate rocks under a thin
surficial cover is particularly subject to pollution from waste disposal.
Contamination of aquifers has occurred from unrestricted drilling and well-
construction practices in areas of saline or poor—quality aquifers. This
area needs enactment and enforcement of sealing and plugging all abandoned
wells and test holes to stop quality deterioration.
Vegetation Zones and Wildlife Habitat
Lake Michigan and its extensive drainage basin encompasses wide varia-
tion in vegetative and climatological situations. The basin's northern
extremities are forested with a spruce-fir biome on both sides of the lake,
but going south in Wisconsin the forest cover begins to change and gives
way to agricultural lands at the Green Bay latitude. In Michigan the forest
vegetation extends further south to approximately the Muskegon—Clare midland
line. Land around the southern top of the lake (exclusive of urban areas)
is completely agriculturalized, with little tree cover remaining in Indiana
and Illinois.
Wildlife species in the basin's northern areas are the same as those of
Lake Superior basin with the exception of the timber wolf and moose, which are
very rare. The black bear is found throughout the northern region. 'Further south
the wildlife species become less specialized. Farm game such as the ring-
necked pheasant, cottonrtail rabbit, gray and fox squirrel and big game
such as the white-tailed deer and black bear are common.
Planning Subarea 2.4 contains a pocket of prairie chicken habitat which
supports a low population of these rare birds. Another rare species found
in Planning Subarea 2.4 is the Kirtlands warbler which nests in a special
habitat niche in young pine forest lands. Bald eagles and ospreys, which
used to be common in the Green Bay area and in the islands and bays on the
opposite side of the lake, are becoming less common but are still present
seasonally. Remaining waterfowl marshes in the Green Bay area supportnesting
and loafing waterfowl. Significant waterfowl marshes exist in the Fox and
Wolf River drainages and at Seney, Michigan. Small waterfowl marshes also
exist at river mouths around the lake.
Degraded habitat in the urbanized southern basin supports little wild—
life. However, someparadoxes occur here. Large flocks of resting waterfowl
are to be found off the Gary Steel complex during the fall. City parklands
and forest preserves support small populations of rabbits, squirrels, fur-
bearers, and numerous species of songbirds. These animals and birds are
just as important as the wilderness species because they provide recreation
and outdoor enjoyment right in the urban areas.
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 Demographic and Economic Characteristics
Population
The Lake Michigan basin had the largest population of the five
basins in 1970, about 46 percent of the Basin population. The population
density of 114 persons per square kilometer (296 persons per square mile)
is the greatest in the Great Lakes Basin.
Out of the 86 counties located in the Lake Michigan basin, four
of the counties-—Cook in Illinois, Milwaukee in Wisconsin, Lake in Indiana,
and Kent in Michigan-~have 56 percent of the total population. The 1970
population census showed 11,187,000 persons, or 82 percent of the area's ( )
total population of 13,516,000, living in urban areas, including 13 SMSA's.
The basin has a distinct contrast in population distribution. The
southern half is highly urbanized and also highly diversified in agricultural
activities. The northern half is largely devoted to development and utili-
zation of recreational resources. Nonresidents significantly swell the
population of the northern portion during the hunting and vacationing
seasons. Better means of transportation and rising incomes have increased
resort and second home seasonal use and added significantly to the part-time
residents in the area. Snowmobile use attracts people to stay in the area
for extended times during the winter.
Resource Use and Development
 
The northern basin is characterized by aneconomy dependent upon
forest and mineral resources, specialized agriculture along the lake shores,
and heavy reliance upon year-round recreation. A widely diversified manu-
facturing trade and service, and agricultural economy characterizes the
southern basin. The Lake Michigan basin is a major contributor to the
nation's value added in manufacturing.
Despite its preeminence in industrial and manufacturing activity,
agricultural and forest production are also very important in the Lake
Michigan basin. In 1969 the value of all farm products sold in the region
reached almost $1.2 billion, about 44% of the entire Great Lakes agricultural
crop value.
The shoreline of Lake Michigan is one of the area's most important
resources. The total shoreline length of Lake Michigan is 2,191 kilometers
(1362 miles). It is distinct from the other Great Lakes in that it is the
only Great Lake which extends from north to south. Because of this north-
south configuration, it is the most significant transportation
barrier in the Midwest. Lake Michigan contains the largest embayments of
any of the Great Lakes, and has the least number of islands and island
groups, all of which are located in the northern one—third of the lake.
With the exception of the Upper Peninsula of Michigan and some
portions of northern Wisconsin and the northern Lower Peninsula of Michigan,
the Lake Michigan shorelands are utilized quite extensively for residential,
commercial, industrial and recreational developments, and for agriculture
as shown on the following figure. Many major urban centers are situated along
the shoreline including Chicago, Illinois, Milwaukee and Green Bay,
Wisconsin, Hammond, Whiting and Gary, Indiana, and Muskegon, Michigan.
The greatest single shoreland use of Lake Michigan is residential
development, both of a seasonal and permanent nature. Residential develop—
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 ment on Lake Michigan accounts for a total of 743 kilometers (461.6 miles)
of shoreline or 33.9 percent of all shoreline use and development.
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SHORELANDS OF LAKE MICHIGAN( )
l9
 Wisconsin.
Table 3
From this line northward, including the Upper Peninsula of
Michigan, the shorelands become less developed,with agricultural and forest
lands predominating.
LAKE MICHIGAN SHORELINE USE AND OWNERSHIP-1970(6)
(in miles)
 
Uses Wisconsin Michigan Illinois Indiana Total
Residential 148.9 292.2 15.0 5.5 461.6
Commercial and industrial 12.9 24.7 10.5 21.8 69.9
Public lands and buildings 8.8 3.5 8.0 0.6 20.9
Agriculture and undeveloped 103.8 176.1 0.6 0.1 280.6
Recreation 54.4 58.5 30.9 17.0 160.8
Wildlife preserves 18.2 0.0 0.0 0.0 18.2
Forest lands 60.0 290.0 0.0 0.0 350.0
Ownership
Federal 0.0 13.0 3.1 9.3 25.4
Non-Federal public 75.2 100.2 35.8 8.7 219.9
Private 331.8 731.8 26.1 27.0 1,116.7
Total shore miles 407.0 845.0 65.0 45.0 1,362.0
To Convert From Lg; Multiplz BX
Miles (mi) Kilometers (km) 1.609
PLANNING SUBAREA 2.1
 
Planning Subarea 2.1 lies in the northwest portion of the Lake Michigan
subbasin in the States of Michigan and Wisconsin.
It includes four river
basins and four complexes made up of smaller basins as follows:
River Basins
Menominee River
Peshtigo River
Oconto River
Fox River
Complexes
Menominee Complex
Pennsaukee Complex
Saumico Complex
Sheboygan—Green Bay Complex
The planning subarea includes three counties in Michigan and twenty-one
counties in Wisconsin.
20
Following is a table and map describing the area.
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Land Resources
Geology and Geomorphology
This area is rolling to hilly, with moderate relief, but with some
isolated hilly to mountainous areas of high relief in Iron and Dickinson
Counties, Michigan. The average elevation is approximately 60 meters (200 feet)
above sea level, with the mountains reaching up to about 610 meters (2,000 feet).
Drainage is generally from northwest to southeast, but the Fox River in its
lower reach runs in a northeasterly direction into Green Bay.
Th
e
be
dr
oc
k
fo
rm
at
io
ns
in
Pl
an
ni
ng
Su
ba
re
a
2.
1
ra
ng
e
in
ag
e
fr
om
the
ign
eou
s
and
met
amo
rph
ic
roc
ks
of
the
Pre
cam
bri
an
Sys
tem
thr
oug
h
the
sed
ime
nts
of
the
Sil
uri
an
Sys
tem
.
The
Pre
cam
bri
an
roc
ks
yie
ld
iro
n
ore
,
bas
alt
,
gra
nit
e,
and
mis
cel
lan
eou
s
sto
ne
whi
le
the
you
nge
r
sed
ime
nts
of
the
Ord
ovi
cia
n a
nd
Sil
uri
an
sys
tem
s y
iel
d s
hal
e,
lim
est
one
,
and
dol
omi
te.
Ove
r-
lyi
ng
the
bed
roc
k
are
unc
ons
oli
dat
ed
sed
ime
nts
of
the
Qua
ter
nar
y
Sys
tem
.
The
se
gla
cia
l
sed
ime
nts
whi
ch
ran
ge
up
to
150
met
ers
(50
0
fee
t)
in
thi
ckn
ess
contain sand and gravel, clay, and peat deposits.
22
 Soils and Topography(7)
 
The northern part of Planning Subarea 2.1, extending north from
Green Bay, consists primarily of sandy and loamy reddish drift soils on
uplands and plains. Rock outcrops and shallow to bedrock soils occur.
Soils with fragipan and organic soils are common.
South of this area, extending to the southern end of Lake
Winnebago on the west, with a narrow strip along Lake Michigan are clayey
and loamy reddish drift soils on uplands and plains. Organic soils are
common.
Along the eastern side of Lake Winnebago and extending south are
loamy and clayey upland soils. Organic soils and bedrock escarpments occur.
Soil associations are shown in Figure 7. Some soil character-
istics that are important in identifying and locating potential pollution
problems resulting from land use activities are shown in Table 5.
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Table 5
SOIL CHARACTERIST
ICS IN PLANNING S
UBAREA 2.1(7)
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y f
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l p
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—0
.2
4
 
.24
.3
2
.45
.3
2
.3
2
.
3
2
.3
2
.3
2
.3
2
.2
8
.3
2
.37
.4
3
.3
2
.49
.1
7
.4
3
.2
4
.4
9
high
hi
gh
high
hi
gh
mediun
high
m
e
d
i
u
m
high
1
med
iun
fra
sip
an-
l
 
medium
high
hi
gh
hi
gh
hi
gh
hi
gh
lo
w
high
me
d
in
n
hi
gh
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Wisconsin (continued)
47
Nearly
level
to
sloping
(O—IZZ
slope),
coarse
to
Oakville
sand
sand
sand
well
5.0—10.0
0.04—0.10
.17
low
moderately fine textured, well to poorly drained,
_
strongly to slightly acid soils developed
Oshkosh silt loam clay
clay
weiﬁli mod. 0.06 0.2 0(11_0.24 _43 high
on moraines, till and lake plains and lacustrine
basins.
Kewaunee
silt
loam
clay
si.c1.loam
well
& mod.
0.6—0.06
0.9—0.24
.37
high
well
Poygan
si.cl.1oam
silty
clay
silty
Clay
poorly
0.06—0.2
0.17-0.24
.49
high
54
Nearly level to moderately
steep
(0-182 slope),
Kennan
loam
loam
sandy
loam
well
0.6-2.0
0.16-0.20
.37
high
medium to moderately coarse textured and organic,
well to very poorly drained, strongly to slightly Horrie Silt 10am Si'CI‘loam sandy 103m "911
0-6‘2.0 0'17'0-24 -37 high
well
016-2.0
0.12—0.15
.32
high
acid soils developed on outwash, and till plains
Elderon
sandy loam sandy loam gravel
Luck
muck
very
poorl)
5.0—20.0
0.50
.17
low
and moraines.
sandy loam
64
Nearly
level to gently sloping
(0—6Z slope),
Auburndalesilt loam,
silt loam
sandy loam
poorly
0.2—2.0
0.17—0.20
high
medium textured, somewhat poorly to poorly drained,
silt
moderately acid to neutral soils formed on clay
loam till modified by loess.
Withee
silt loam
clay loam
loam
sozszhi;
0.2—0.6
0.16-0.22
high
Dolph
silt
loam
clay
bedrock
somewhat
0.06—0.2
0.15—0.24
high
poorly
Adolph
silt
loam
silt
loam
sandy loam
poorly
0.8-0.25 0.10-0.20
.37
high
74
Nearly level to gently sloping
(0—62 slope), medium Marathen
silt
loam
silt
loam
silt
loam
well
0.63—2.0 0.16—0.20
.32
high
textured, well to somewhat poorly drained,
medium to Slightly acid soils formed on thin to
Mylrea
silt loam
silt loam
silt loam
sogzzhi;
0.63—2.0 0.16—0.20
.32
high
moderately deep glacial till over bedrock.
75
Nearly level to sloping (0—122 slope), coarse
Granite
NOT KPPLICABLE
textured, well drained, very strongly to medium
Rock
“1“
8°11“ “mad
°“ “we”
Plain"
Vilas
sand
sand
sand
well
5.0~10.0 0.04—0.08
.17
low
Omega
sand
sand
sand
well
5.0-10.0 0.04—0.06
.17
low
77 Nearly level to sloping (O—IZZ slope), medium to Goodman silt loam silt loam sandy 10a well
0.6—2.0 0.12—0.22 .32 high
moderately coarse textured and organic,
iell to
Iron River loam
sandy 10a
,sandy 103
well 5 mod
0_20_2.g0_10_0,13
.32 medium
fragipan
very poorly drained, medium to very stro gly
well
acid soils formed on till plains.
Organic muck
2
8
y
Elderon sandy loam sandy loam gravel, well 0.6—2.0 0.12—0.15 .32 medium
sandy loa
Adolph 911: loan s
ilt loam sandy loan p
oorly 0.8—2.5 0.1
0—0.20 .37 high
Organic muck
muck muck ve
ry poorly 5.0—20.0 0.5
.17 low
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Wisco
nsin
(cont
inued
)
78 Nearly level to moderately steep (0—181 slope), Kennan loam loam sandy loam well 0.6—2.0 0.16—0.20 .37 high
coar
se
to m
ediu
m te
xtur
ed a
nd o
rgan
ic,
well
to
'very
poor
ly d
rain
ed,
slig
htly
to v
ery
ston
gly
Ito“
Rive
10a”
sand
y lo
am s
andy
loam
well
& mod
. 0.
20—2
.0
0.10
—0.1
8 -3
2 “
9diu
m f
ragi
pa
acid
soil
s fo
rmed
on o
utwa
sh a
nd
till
plai
ns
well
and moraines.
Elderon sandy loam sandy loam gravel, well 0.6—2.0 0.12—0.15 .32 medium
sandy loam
Vilas sand
sand
sand
well
5.0-10.0 0.04—0.08 .17 low
“1/
Organic muck muck muck very poorly5.0-20.0 0.5 .17 low
80 Nearly level to steep (0—18Z slope), coarse to Iron Rivel loam sandy loam sandy loam well or mod 0.2—2.0 0.10—0.18 .32 medium *ragipana/
medium textured and organic, well to very poorly
well
drained, slightly to very strongly acid soils
formed on outwash and £111 plains and moraines. Elderon sandy loam sandy loam gravel, well 0.6—2.0 0.12—0.15 .32 medium
sandy loam
Vilas sand sand sand well 5.0-10.0 0.0A—0.08 .17 low
Organic muck muck muck very poorly 5.0~20.0 0.5 .17 low
84
Nearl
y lev
el to
gentl
y slo
ping
(0—6Z
slope
),
Burkh
ardt
sandy
loam
sandy
loam
sand
&
well
2.0-6
.0
0.12—
0.14
.24
mediu
m
coarse to moderately coarse textured, well drained,
gravel
slightly to medium acid soils formed on stream
terraces, valley benches, and outwash plains.
2
9
Spa
rta
loa
my
san
d s
and
san
d
wel
l
6.0
—20
.0
0.6
—0.
14
.17
low
100 Nearly
level to gen
tly sloping
(0—62 slope)
, Ant
igo ilt
loam silt
loam sand &
well
0.6—2.0 0.2
0—0.22 .37
high
medium text
ured, well t
o somewhat
poorly drain
ed,
7
gravel
medium to strongly acid
soils formed on outwash
r111
plains and
stream terra
ces
silt loam
silt loam s
and & mo
derately 0
.6—0.20 0.20
—0.22 .37
high
gravel
well
Poskin
silt loa
m silt
loam sa
nd &
somewhat
0.6-2.0
0.20-0.2
2 .37
high
gravel
poorly
101 Nearly
level to gen
tly sloping
(0—6Z slope)
, Posk
in kilt
loam silt
loam sand &
somewhat
0.6—2.0 0.2
0—0.22 .37
high
medium textu
red, well t
o somewhat p
oorly draine
d,
gravel
poorly
“Ed1“' t
° str°ng
ly acid
3°113 f°
rmed °“
°“t"35h
Brill
511: loa
m 911:
loam sa
nd a
moderate
ly 0.6—
2.0 0.2
0—0.22 .
37 hig
h
plains and stream terra
ces.
gravel well
Antig
o
silt
loam
silt
loam
sand
6
well
0.6—2
.0 0
.20—0
.22 .
37
high
gravel
102 N
early
leVEI
to gen
tly Sl
oplﬁg
(0-6Z
slope)
,
Burkha
rdt sa
ndy l
oam s
andy lo
am san
d &
well
2.0—6.
0 0.1
2—0.14
.24
medium
moderately c
oarse textur
ed, well dr
ained, mediu
m
gravel
acid soils formed on outwash plains, stream
Onamta
sandy loam sandy loam sand 5
well
2.0—6.0 0.12—0.14 .32
medium
terraces and moraines.
gravel
Chete
k
sandy
loam
sandy
loam
sand
5
well
2.0—6
.0 0
.12-0
.14 .
24
mediu
m
gravel
              
 3
0
Table 5 Co
nt'd
.
SOIL
ASSOCI-
ATION
NUM
BER
SOI
L A
SSO
CIA
TIO
N D
ESC
RIP
TIO
N
MAJOR
SOIL
SERIES
SOIL TEXTURE
PERME-
ABILITY
 
SOIL
SUB
SOIL
SUB
STR
ATA
0F HOST
RESTRICT-
ED LAYER
in./hr.
NATURAL
SOIL
DRAINAGE
AVAILABLE
WATER
CAPACITY
(K)
1
F
A
C
‘
FATURAL
1n./in.—‘TOR T
FER—
ILITY
REM
ARK
S
105
10
6
10
7
109
12
0
  
Wisc
onsi
n
(co
nti
nue
d)
Near
ly
leve
l to
gent
ly
slop
ing
(O—6
Z s
lope
),
coa
rse
to
mod
era
tel
y c
oar
se
tex
tur
ed,
wel
l d
rai
ned
,
str
ong
ly
to
med
ium
aci
d s
oil
s f
orm
ed
on
out
was
h
and
lake
plai
ns a
nd
stre
am t
erra
ces.
Nea
rly
lev
el
to
slo
pin
g
(0—
122
slo
pe)
,
mod
era
tel
y
coa
rse
to
coa
rse
tex
tur
ed
and
org
ani
c,
wel
l
to
ver
y
poo
rly
dra
ine
d,
med
ium
to
str
ong
ly
aci
dso
ils
-fo
rme
t
on
out
was
h p
lai
ns,
kam
es,
esk
ers
and
mor
ain
es.
Nea
rly
lev
el
to
gen
tly
slo
pin
g (
0—61
slo
pe)
,
coar
se a
nd m
oder
atel
y co
arse
text
ured
and
orga
nic,
Well
to v
ery
poor
ly d
rain
ed,
very
stro
ngly
to
medi
um a
cid
soil
s fo
rmed
on o
utwa
sh
and
lake
plai
ns.
Area
s of
very
poor
ly d
rain
ed,
very
stro
ngly
acid
orga
nic
soil
s ar
e i
nclu
ded.
Nea
rly
lev
el
to
gen
tly
slo
pin
g
(0—
62
slo
pe)
,
mod
era
tel
y c
oar
se
to
med
ium
tex
tur
ed
and
org
ani
c,
well
to v
ery
poor
ly d
rain
ed,
stro
ngly
to m
ediu
m
acid s
oils f
ormed
on out
wash p
lains
and te
rraces
.
Very
poor
ly d
rain
ed,
very
stro
ngly
acid
orga
niz
soil
s ar
e in
clud
ed.
Nea
rly
lev
el
to
slo
pin
g
(0—
122
slo
pe)
, m
ode
rat
ely
coar
se
to m
oder
atel
y f
ine
text
ured
and
orga
nic,
wel
l t
o v
ery
poo
rly
dra
ine
d,
str
ong
ly
to
sli
ght
ly
aci
d m
ine
ral
soi
ls.
Are
as
of
org
ani
c
soi
ls
are
inc
lud
ed.
 
Pla
inf
iel
d
Omega
Plainfielt
Che
tek
Omega
Vilas
Cri
vit
s
Pence
Org
ani
c
Bre
ms
New
ton
Morocco
Org
ani
c
Stam
baug
h
Pen
ce
Organic
Oshkosh
Poygan
Wauseon
Org
ani
c
sa
nd
loa
my
san
dy
sa
nd
sa
nd
loa
my
sa
nd
san
dy
muck
loamy
13233
fi.
sa.
loa
my
muck
sand
lo
am
sa
nd
lo
am
sa
nd
fine
lo
am
sa
nd
si
lt
lo
am
san
dy
muck
lo
am
si
lt
lo
am
si.
ca.
loa
m
fi.
sa.
mu
ck
 
lo
am
sa
nd
sand
san
dy
loa
m
sand
sa
nd
sa
nd
sa
nd
y
lo
am
muck
sa
nd
fine
sand
fine
88nd
sand
muck
si
lt
lo
am
sandy
loam
muck
silty,
clay
10a?
silty
clay
fi.sa
.loaﬁ
muck
 
s
a
n
d
s
a
n
d
san
d &
gra
vel
sa
nd
sa
nd
sa
nd
san
d 6
gra
vel
mu
ck
sa
nd
sand
fine
sand
sand
muck
san
d &
gr
av
el
san
d &
gravel
muck
clay
silty
clay
cl
ay
muck
well
we
ll
well
5.0-
10.0
6.
3-
20
.0
2.0—6.0
well
well
5.0—
10.0
5.0—10.0
mode
rate
ly
2.0-
6.0
well
well
2.0-
6.0
5.0-
20.0
>2
0.
0
>20.0
6.0-
20.0
very
poorl
y
moder
ately
well
very
poorl
y
some
what
poorly
well
6.3—2
0.0
5.
0—
2o
.o
0.8-0.25
ver
y p
oor
ly
well
well
2.0—
6.0
5.0-
20.0
0.
2—
0.
06
very
poorl
y
wel
l 5
mod
.
well
poo
rly
0.0
6—0
.2
very
poor
ly 2
.5—5
.0
ver
y p
oor
ly
5.0
—20
.0
  
0.04—0.06
0.04-0.08
0.
12
—0
.1
4
.17
.1
7
.24
0.04—0.06
0.
04
—0
.0
8
0.04
—0.1
0
.17
.1
7
.17
0.
02
—0
.1
6
.24
0.50
0.
06
—0
.1
2
0.
06
-0
.1
2
0.06
—0.1
2
.1
7
.1
7
.1
7
.1
7
0.
04
-0
.0
8
.17
0.50
0.
2
.1
7
.3
7
.0
2—
0.
l3
.2
4
0.
50
0.
11
—0
.2
4
.1
7
.49
0.
17
-0
.2
4
.4
9
0.
12
-0
.1
4
.24
0.
50
.1
7
   
<medium
 
low
lo
w
medium
low
low
low
medium
low
low
lo
w
lo
w
low
.
lo
w
high
low
lo
w
hi
gh
hi
gh
low
  
Table 5 Cont'd.
 
SO
IL
ASSOCI-
ATTON
NUM
BER
SOIL A
SSOCIA
TION D
ESCRIP
TION
MAJOR
SOIL
SERIES
SOIL TEXTURE
 
TOP
SOIL
SUB
SOIL
SUB
STRATA
NATURAL
SOIL
DRAINAGE
PERHE—
ABILITY
OF HOST
RESTRICT—
ED LAYER
in./hr.
AVAI
LABL
E
WATER
CAPACITY
in
./
1n
.i
(K)
yFAC-
TOR
NATURAL
FE
R—
TILITY
REMARKS
 
"is
126
12
7
3
1
128
129
:o
ns
in
(c
on
ti
nu
ed
)
Near
ly l
evel
to g
entl
y sl
opin
g (
0—62
slop
e),
coar
se
.to
med
ium
tex
tur
ed,
wel
l t
o p
oor
ly
dra
ine
d,
med
ium
aci
d t
o m
ild
ly
alk
ali
ne
soi
ls
for
med
on
out
was
h
and
lak
e
pla
ins
.
Near
ly l
evel
to g
entl
y s
lopi
ng
(0—6
1 sl
ope)
,
coar
se t
o mo
dera
tely
coar
se t
extu
red,
well
to
poor
ly d
rain
ed,
medi
um t
o s
ligh
tly
acid
soil
s
form
ed o
n ou
twas
h an
d l
ake
plai
ns,
vall
ey
trai
ns
and
ter
rac
es.
Near
ly l
evel
to g
entl
y sl
opin
g (0
—62
slop
e),
coar
se
text
ured
and
orga
nic,
well
to v
ery
poor
ly d
rain
ed,
strong
ly aci
d to n
eutral
minera
l soil
s form
ed
on ou
twash
and l
ake p
lains
. Ar
eas o
f org
anic
soi
ls
are
inc
lud
ed.
Nearl
y lev
el (0
—22 s
lope)
, med
ium t
o mod
erate
ly
fine
text
ured
, po
orly
drai
ned,
slig
htly
acid
to
mildly
alkali
ne min
eral s
oils f
ormed
on lak
e and
till
plai
ns.
This
asso
ciat
ion
is d
omin
ated
by
orga
nic
soil
s th
at a
re v
ery
poor
ly d
rain
ed a
nd
medi
um t
o ve
ry
stro
ngly
acid
.
Granby
Brems
Oakv
ille
Shiocton
Mee
han
Sha
wan
o
Sh
aw
an
o
Oconto
Meehan
Gra
nby
Sha
wan
o
Oakv
ille
Au Gres
Gra
nby
Organic
Organic
Poygan
Keowns
Pella
  
loamy
sand
loamy
sand
sand
silt
loam
loamy
sand
fine sand
fine sand
sandy loam
loamy
sand
loamy sand
fine sand
sa
nd
sa
nd
loamy
sand
mu
ck
muck
si.
c
.lo
am
silt
loam
si.
ca.
loa
m
 
silty
clay
sa
nd
sa
nd
sa
nd
fi
.s
a.
lo
am
loamy sand
fine
sand
fine
sand
loamy
sand
loamy
sand
sa
nd
fine
sand
s
a
n
d
sa
nd
s
a
n
d
muck
muck
si
lt
lo
am
si.
ca.
loa
m
silty
clay
sa
nd
sa
nd
sa
nd
sil
t
lo
am
fi.
sa.
sa
nd
fine sand
fi
ne
sa
nd
san
d &
gravel
sa
nd
sa
nd
fine
sand
sa
nd
sa
nd
sand
mu
ck
muck
silt,
fine sanc
10
am
£39;-
la'ogr
ly
mod. well
well
somewhat
poo
rly
somewhat
poo
rly
well
well
well
somewhat
poo
rly
poorly&
very
poorl
y
well
well
somewhat
poo
rly
poorly
very
poorl
y
very
poorl
y
poorly
poorly
poorly
   
6.0—20.0
20.0
5.0-
10.0
0.6—2.0
6.0—
20.0
6.0—
20.0
6.0—20.0
2.0
—6.
0
6.
0—
20
.0
6.0—20.0
6.0—20.0
5.
0—
10
.0
6.3-
20.0
5.0—20.0
S.
0—
20
.0
0.
6—
0.
2
0.6-2.00
0.
6—
2.
0
  
0.04
~0.1
0
0.
06
-0
.1
2
0.04-0.10
0.10-0.18
0.04-0.10
0.08
—0.1
0
0.08-0.10
0.09
~0.1
5
‘0.04
-0.1C
0.04
—0.1
0
0.08
-0.1
0
0.0é
-O.l
O
0.04—0.06
0.04—0.10
0.50
0.50
0.
17
-0
.2
4
0.
10
-0
.1
8
0.
1h
—0
.2
d
.17
.17
.1
7
.
3
2
.1
7
.1
7
.17
.2
4
.1
7
.l7
.17
.17
.1
7
.1
7
.1
7
.17
.49
.3
2
.Q9
 
low
low
lo
w
high
lo
w
low
low
lo
w
lo
w
lo
w
lo
w
lo
w
low
lo
w
lo
w
low
hi
gh
high
high
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Wis
con
sin
(co
nti
nue
d)
130
1
3
]
Nearly
level
to gen
tly sl
oping
(0—62
slape)
,
moderately coarse to me
dium textured and organ
ic,
moderately well to very poorly drained, medium
acid to mildly alkaline soils formed on lake
and outwash plains.
Nearly level to gently
sloping (2—6Z slope),
moderately coarse to c
oarse textured, well an
d
somewhat poorly drained, stongly acid to neutral
soils formed on outwash
and lake plains.
Michigan (continued)
2
 
Nearly level
to sloping
(2-121 slope
), medium
textured
, well
to moder
ately we
ll drain
ed,
strongly to medium acid
soils formed on till
plains a
nd morai
nes.
Nearly level to slopin
g (2—122 slope), medium
textured
, well
to moder
ately we
ll drain
ed,
strongly to medium acid
soils formed on till
plains and moraines.
Nearly level
to sloping
(2—122 slope
), moderate
ly
coarse to coarse textur
ed, well to moderately
well drained, very str
ongly to medium acid so
ils
formed on o
utwash and
till plains
and moraines
.
Tus
col
a
Shio
cton
Keowns
Organic
Oakville
Shawano
Emmet
Au Gres
Iron Riveﬁ
Iron
Rive1
Gogebic
Trenary
Kalkaska
 
fine sandy
lo
am
si
lt
lo
am
silt
loam
muck
sa
nd
fine sand
san
dy
loa
m
sa
nd
silt
loam
lo
am
sandy loam
sandy
loam
loamy sand
sa
nd
 
silt loam,
fine sandy
loam
silt loam,
muck
sa
nd
fine sand
s
a
n
d
loam
sa.c1.loam
sa
nd
 
fi.sa.loamlsilt loam,
sa.c1
.loam
sandy loam
sandy loaﬂsandy loam
sandy
loan
 
silt, fine
sand
fi.sa.
silt,
fine sand
muck
sand
fine sand
sandy load
sand
sand
y lo
a
sandy loan
sand
 
mod. well
somewhat
poorly
poorly
very poorly
well
well
"3%i1
5 m°d
'
somewhat
poorly
well & mod.
well
well
& mod
.
well
well
& mod
.
well
well
well
0.8—2.5
0.6-2.0
0.6-2.0
5.0-20.0
5.0—10.0
6.0—20.0
0.8-2.5
6.5-20.0
0.2—2.0
0.2—2.0
0.
2—
2.
0
0.8«2.5
5.0—10.0
 
0.16—0.18
0.10—0.18
0.10—0.18
0.50
0.04—0.10
0.08—0.10
0.10—0.16
0.04—0.06
0.10—0.18
0.10—0.18
0.08
—0.1
2
0.12
—0.1
6
0.04—0.13
 
.3
7
.32
.32
.17
.17
.17
.28
.17
.37
.3
2
.32
.3
2
.17
 
high
high
high
lo
w
lo
w
low
medium
lo
w
1/
medium fragipan‘
2
medium
frasipan
-l
10u
frag
ipan
i/
2/
medi
umfr
asip
an—
lo
w
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Minerals
The mineral commodities produced in the 20 Wisconsin and 3 Michigan
counties which comprise PSA 2.1 include iron ore, sand and gravel, shale,
and stone (limestone, dolomite, granite and basalt). From 1960 to 1968,
sand and gravel, and stone production recorded moderate increases in output
and value while the remaining commodities declined in both output andvalue.
A total of 155 mineral operations were active in 1968. Menominee
County, Wisconsin had no mineral operations while all remaining counties had
sand and gravel pits, 15 counties had stone quarries, 2 counties had iron
ore mines, and one county had a shale pit. Land requirements for extractive
minerals totaled 560 hectares (1,380 acres). Iron ore production, including
nonmineral bearing surface lands, required 485 hectares (1,200 acres). Sand (1)
and gravel required 55 hectares (140 acres), and stone 20 hectares (40 acres).
The problems associated with mineral production in PSA 2.1 are
relatively limited at the present time. However, periodic surveys of the
water use patterns of the mineral industry are recommended to keep abreast
of intake and discharged water use changes.
Water Resources
Surface Water Hydrology
 
Planning Subarea 2.1 contains 158,320 hectares (391,200 acres) of
surface water in the form of lakes, ponds, rivers and streams. The major
river systems include the Escanaba and Ford Rivers in Michigan, and the
following rivers in Wisconsin: Pine, Menominee, Pestigo, 0conto, Fox, Wolf,
and Little Wolf. Runoff averages 25 to 38 centimeters (10 to 15 inches)
annually, generally increasing from south to north. The following table
indicates the size of drainage area, average daily discharge for represen-
tative rivers in PSA 2.1. On the whole the rivers have a slightly higher
concentration of dissolved solids than rivers to the west and north of the
planning subarea, and their waters are moderately hard.
Planning Subarea 2.1 also contains 1,695 lakes that total more
than 121,410 hectares (300,000 acres) of Surface water. Reservoir sites
are also included in the surface water hydrology, and this region has two
existing sites. They are both on the Michigamme River and total 4,110
hectares (10,160 acres) with 189,820 cubic meters (153,950 acre—feet) of
storage capacity. One hundred and seventeen smaller reservoirs (less than
200 hectares, or 500 acres) also exist within this area.
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Table 6
FLOW CHARACTERISTICS AT SELECTED STATIONS(8)
Monthly Mean Annual Mean
Period Drainage Average Discharggg, Discharge
of Area Discharge Mathum Minimum Maximum Minimum
Stream and Station Record (sq mi) (cfs) (cfs) (cfs) (cfs) (cfs)
Planning Subarea 2.1
Middle Branch Eacannbn
River near
Ishpeming, Mich. 1954—73 128 141 745 16.1 239.1 80.7
East Branch Escaneba
River at Cwinn, Mich. 1959‘73 124 105 592 22.0 198.7 57.4
Escanaba River at 1903-12 870 905 4,330 14.1 1,385.0 493.7
Cornell, Mich. 1950—73
1954—73
Ford River near
Hyde, Mich. 1954-67 450 553 2,480 34.8 640.0 183.3
Brule River near 1914-16 389 355 1,240 174.0 450.1 232.2
Florence, Wis. 1944-72
Pine River at Pine
River Power Plant
near Florence, Wis. 1923-72 528 ‘27 2,130 74.5 657.8 210.3
Menominee River near
Pembine, Wis. 1949—72 3,240 2.965 12,100 1,200 4,318 1,877
Pike River at
Amberg, Wis. 1914—70 253 216 1,020 78.1 344.4 133.4
Peshtigo River at
High Falls near
Crivitz, Wis. 1912-57 554 475 1,930 60.2 708.1 256.4
Peshtigo River at
Peshtigo, Wis. 1953—72 1,124 889 4,640 285.0 1,518 591.1
Oconto River near 1906-09 678 575 3,430 158 899.8 315.5
Gillett, Wis. 1913—72
Fox River at
Berlin, Wis. 1893:72 1,430 1.075 4,200 311 1,623 559.1
Wolf River above West '
Branch, Wolf River,
Wis. 1927—62 633 569 1,890 235 840 390
Wolf River at Keshena
Falls, Wis. 1907—72 812 756 2,530 294 1,109 510
Embarrass River near
Embarrass, Wis. 1919-72 395 237 1,890 44.5 478.3 126.3
Wolf River at New
London, Wis. 1896—72 2,240 1.710 9,170 429.0 2,810 865.5
Little Wolf River at
Royalton, Wis. 1914-70 514 396 2,230 94.8 628.3 197.1
Waupaca River near
Waupaca, Wis. 1916-66 272 236 615 111 299 159.6
East Branch Fond du
Lac River at
Fond
du La
c, Wi
s.
1939—
54
75
32
365
0.2
58.2
5.4
Sheboygan River at 1916-24 432 224 2,050 11.2 402.9 47.1
Sheboygan, Wis. 1950-72
Cedar Creek near
Ceda
rbur
g, W
is.
1930-
70
121
61.2
522
1.4
159.
4
13.5
Milwaukee River at
Milwa
ukee,
Wis.
1914—7
2
686
382
3,550
19.4
791.6
111.6
To C
onve
rt
From
22
M515
1211
_§z
Sq
uar
e
Mi
le
s
(sq
mi)
Sq
ua
re
Ki
lo
me
te
re
s
(sq
km)
2.5
9
Cubic Meter: Pet .028
Cubic Feet Per
Second (cfs)
Second (cls)
37
  
Ground Water
Planning Subarea 2.1 covers a diversified area, ranging from a
sparsely populated, forested northern portion typified by a wild rivers
region, to the urbanized industrial development of the lower Fox River and
southern portions of the planning subarea. Both natural and man-made problems
impact on ground water rescurces.
The Green Bay, Wisconsin area had a problem of declining water levels
in the sandstone aquifer system. Increasing pumpage in this highly indus—
trialized area probably will repeat the declining water level trend of the
pre—l957 period. Increasing pumpage in the Lake Winnebago area also is
creating increasing pumping lifts. Proper well spacing of new wells and
increased use of surface water should forestall rapid declines in this area.
In much of the area where the Silurian carbonate aquifer lies close
to the surface, such as in Door County, pollution of the shallow ground water
is occurring. Wisconsin drilling codes now require 30 meter (lOO—foot) cased
wells in such problem areas of shallow carbonate bedrock in Door County.
Improved methods or types of private waste-disposal systems are needed to
protect aquifers in this and other similar situations.
Saline water is present in the sandstone aquifer, generally near
the bottom of the aquifer and in the eastern counties. At Lake Winnebago and
to the east the poor quality water, including a high sulfate content, is at
relatively shallow depths and inhibits construction of fresh—water wells.
Migration of poor quality water toward pumping centers is occurring. Highly
mineralized water in the dolomite aquifer at Manitowoc and Sheboygan apparently
comes from deep sandstone zones under high hydrostatic head, but hasmigrated
through open wells into the upper aquifer. Wisconsin state codes now prohibit
abandonment, without proper filling and sealing, of all holes including saline
wells, but some old "leaking" wells are believed to have caused significant
local deterioration of fresh-water aquifers. Continued surveillance of proper
well—abandonment procedures is imperative.
Ground water with a high sulfate content and reportedly "sulfur"
water is present in Marinette and Menominee Counties and at one location in
Door County. Apparently the sulfur (probably hydrogen sulfide gas) water
occurs locally in only the upper unit of the Cambrian-Ordovician aquifer in
southern Menominee County. In contrast, the high-sulfate water occurs in
both the sand and gravel and the bedrock aquifers in Menominee and Marinette
Counties. Sulfate content in the Silurian aquifer at a Door County site is
unusually high also.
Hard water in all the aquifers and locally a high iron content of
the water in the sandstone and sand and gravel aquifers generally are problems.
Individual softening treatment as desired for reducing hardness seems to be
a solution. Iron treatment generally is mandatory for municipal supplies
and for some industrial uses.
Water quantity is a general problem only in the Upper Menominee
River basin where reported well yields in much of the area less than 38 liters
per minute (10 gallons per minute). Streamflow data show a high base flow
which implies significant water storage in the basin. Well fields have to
be selected with care in this area in order to tap the sand and gravel aquifers
'and, preferably, those in hydraulic contact with the lakes or streams.
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Table 7
GENERAL
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AND
MAJOR
AQUIFER
SYSTEMS
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2.1(9)
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System
Group
Formation
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Table 8
CHEMICAL QUALITY CHARACTERISTICS OF THE MAJOR AQUIFER
SYSTEMS IN PLANNING SUBAREA 2.1(9)
(Numerical ranges represent typical values and
do not include unusually high or low values)
Total
diuolved Temper-
Aqutfar Iyatu Hardnau Sulfate Chlorﬁde Iron loud- ature Remark-
(Is/l) (ms/1) (Ins/1) (ms/1) (mg/1) (‘5‘)
RIVER BASIN GROUP 2.1
Mi:h;gan
Quaternary 50-400 5-75 0-50 0-3 100-450 64-k9
Cambrian-Ordovician 150-350 10-70 5-60 0.2-8 200-900 147-69 High iron in deep eandltonu;
Menaninee County has lulfatc
over 1,000 mg/l In lower unit,
"sulfur" water in upper.
Wisconsin
Quaternary ’40-‘50 1-90 1-30 0-1.5 125-500 54 Host mineralizad In eastern thud.
Sllurian 90-500 5-250 1-30 0-2 250-600 4b-60 Saline in part in Manitovoc
County.
Canaan-Ordovician 70-350 0.5-90 2-125 0-]. 130—700 53'56 More highly mineralxzed, in m
in Brown and Calumet Countxaa
and along Lake Michigan share.
Sulfate over 600 ml], nae:
.glgnetgg tn middle unjt,
1o Convert Iran 32. mm 1 I
Pac
t (
It)
mu
n
(I)
0‘3
0“
Luau (1) 1.7”
Gallon. (3a 1)
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Vegetation Zones and Wildlife Habitat
 
In Wisconsin, medium densities of farm game exist as compared to lower
levels further north. At the same time, medium and high densities of forest
game also exist here.
Population growth, hunting pressure from the Milwaukee—Chicago area,
and a reduction in the resource base underline the problems for wildlife
habitat in PSA 2.1. Loss of wildlife habitat from changing land use is as
much a problem in this planning subarea as it is elsewhere, except that
perhaps the value of the habitat is a little higher here. Agricultural
practices and the demand for rural home sites are having an adverse effect
on the quality of wildlife habitat in general, with the drainage of wetlands
having the most serious impact. Potholes and marshes in this area of
Wisconsin have the highest concentrations of migratory waterfowl in the
state, and the region ranks among the highest in number of breeding pairs of
ducks. These wetlands also provide excellent furbearer habitat. The
extensive fresh meadows and brush marshes contribute substantially to the
fact that Fond de Lac County regularly ranks among the top ten Wisconsin
counties in the harvest of ring-necked pheasants.
Pollution from agricultural pesticides will continue to be a problem in
sections of PSA 2.1, especially in the Door Peninsula where spraying of fruit
trees is extensive. Thermal pollution poses a potential problem in that
waterfowl may be enticed to winter if there is open water. Creation of this
unnatural situation may incur waterfowl losses.
Agricultural activities of large canning companies and muck farmers
cause problems in several ways. The canning companies lease large blocks of
land and then "clean farm" the area, removing fence rows and wildlife
"pockets". Muck farmers are in direct competition with the State of Wisconsin
for wetlands acquisition and use. On several occasions muck farmers have been
able to outbid the State and have acquired wetlands for farming purposes.
After these wetlands are drained, serious wind and water erosion problems
can be expected.
Destruction of waterfowl habitat by carp poses problems on major streams
and
lake
s.
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Demographic and Economic Characteristics
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and about 7.4 percent of the population of the Lake Michigan basin.
The population is just over half urban, and the proportion will no
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Table 10
AGRICULTURAL LAND USE, PLANNING SUBAREA 2.1(11)
  
1/
Current Normal—
_ 2/ 2/
Crop Acres — Hectaresw
Wheat 11.4 4.6
Oats 509.6 206.2
Rye 3.8 1.5
Barley 8.7 3.5
Misc. Small Grains 1.2 0.5
Corn for Grain 236.3 95.6
Corn Silage 305.2 123.5
Soybean 9.0 3.6
Dry E.D. Beans 0 0
Sugar Beets 0 O
Potatoes 26.4 10.7
Fruits 14.8 6.0
Comm. Vegetables 120.0 48.6
Comm. Sod 0.7 0.3
Alfalfa Hay 923.3 373.7
Clover & Timothy Hay 161.7 65.4
Cropland Pasture 266.0 107.6
Idle Cropland 718.3 290.7
Tot
al
Cro
pla
nd
331
6.4
134
2.1
Imp
rov
ed
Pas
tur
e
99.
6
40.
3
Imp
rov
abl
e
Pas
tur
e
203
.8
82.
5
N.
Imp
rov
.
Pas
tur
e
53.
3
21.
6
To
ta
l
Pa
st
ur
e
2]
35
6.
7
14
4.
4
To
ta
l
Ag.
La
nd
~
36
73
.1
14
86
.5
*
Less than 100 Units
l] Current normal represents present yield estimates based on 1958—1972 averages
2/ Measurement is in thousands of acres or hectares
2] Totals may not add due to rounding
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 Table 11
PO
PU
LA
TI
ON
,
EM
PL
OY
ME
NT
,
PE
RS
ON
AL
IN
CO
ME
,
AN
D
EA
RN
IN
GS
BY INDUSTRY IN 1970, PLANNING SUBAREA 2,1(11)
1970
Population, midyear
Per capita income (1967$)
Per capita income Rel. (U.S. =l.00)
Total employment
Employment/population ratio
(in 1,000's of 1967$)
Total personal income
Total earnings
Agriculture, forestry & fisheries
Agriculture
Forestry and fisheries
Mining
Metal
Coal
Crude petroleum & natural gas
Nonmetallic, except fuels
Contract construction
Manufacturing
Food & kindred products
Textile mill products
Apparel & other fabric products
Lumber products & furniture
Paper and allied products
Printing and publishing
Chemicals and allied products
Petroleum refining
Primary metals
Fabricated metals & ordnance
Machinery, excluding electrical
Electrical machinery & supplies
Motor vehicles & equipment
Transportation equip., excl. mtr.
vehs.
Other manufacturing
Trans., comm. & public utilities
Wholesale and retail trade
Finance, insurance & real estate
Services
Government
Federal government
State and local government
Armed Forces
1,008,
2.
375,
2,993,
2,353,
149,
p-
F
8.
140,
924,
u—
138,
374,
62,
263,
280,
231,
14,
500
968
.85
460
.37
811
381
3373
197a
5813
932a
185a
631
558a
820
580
580
540
a—represents 80,0 to 99.9 percent of the true value
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The area covers the southwest part of Lake Michigan and lies
within portions of Wisconsin, Illinois, and Indiana. Planning Subarea
2.2 includes seven counties in Wisconsin, six counties in Illinois, and
four counties in Indiana. Of these 17 counties onlyOzaukee and Milwaukee
COu
nti
es
in
Wis
con
sin
lie
who
lly
wit
hin
Riv
er
Bas
in
Gro
up
2.2.
In
fact
, 6
counties,Wa1worth, McHenry, Kane, Will and Dupage in Illinois, and Starke
Coun
ty
in I
ndia
na,
lie
whol
ly w
ithi
n th
e Up
per
Miss
issi
ppi
Rive
r Ba
sin.
Planning Subareas and River Basin Group area compare as follows:
  
PSA RBG
Hectares Acres‘ Hectares Acres
Illinois 972527 2401300 15795 39000
Indiana 483651 1194200 172530 426000
Michigan 0 0 42930 106000
Wisconsin 696721 1720300 332505 821000
Total 2152899 5315800 563760 1392000
Tabl
e 12
pres
ents
pert
inen
t i
nfor
mati
on a
bout
PSA
2.2,
and
Figu
re 1
2
displays its boundaries.
Table 12
LAKE MICHIGAN SOUTHWEST PLANNING SUBAREA 2.2
Drainage Area Population 1960 1970
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 Land Resources
Geology and Geomorphology
 
The bedrock geology in Planning Subarea 2.2 includes formations
of the Precambrian, Cambrian, Ordovician, Silurian, Devonian, Mississippian,
and Pennsylvanian systems. The near—surface bedrock exposures contain
minable deposits of coal and stone as well as other mineral material such
as shale which may be extracted in the future. The Bedrock is largely
covered by a mantle of unconsolidated sediments of the Quaternary System.
These glacial and postglacial sediments contain deposits of clay, peat,
and sand and gravel. The extraction of all mineral materials is by
surface mining techniques.
$211.30 )
The northern part of Planning Subarea 2.2, on the west side of
Lake Michigan is similar to the southern part of Planning Subarea 2.1
and extends just south of the Wisconsin boundary. The soils are loamy
and clayey upland with inclusion of organic soils.
The soils around the southern end of Lake Michigan range from
sandy to clayey, well to poorly drained. A narrow band of sandy soils,
including sand dunes, rims the lake.
The well drained sandy sites in PSA 2.2 are used for fruit
production. The finer textured soils are used for general farming.
Soil associations are shown on Figure 13. Some soil
characteristics that are important in identifying and locating potential
pollution problems resulting from land use activities are shown in Table 13.
Minerals
Mineral production in the 7 Wisconsin, 6 Illinois, and 4 Indiana
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Water Resources
Surface Water Hydrology
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t
l
i
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1
1
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o
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m
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i
.
c
l
.
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o
a
“
9
1
1
:
l
o
a
d
w
e
l
l
a
m
o
d
.
0
.
6
3
-
2
.
0
0
.
1
9
-
0
.
2
5
.3
2
h
i
g
h
m
e
d
i
u
m
a
c
i
d
t
o
s
l
i
g
h
t
l
y
a
c
i
d
s
o
i
l
s
f
o
r
m
e
d
o
n
w
e
l
l
o
u
t
w
a
s
h
,
t
i
l
l
a
n
d
l
a
k
e
p
l
a
i
n
s
.
F
l
a
n
a
g
a
n
s
i
l
t
l
o
a
m
s
i
.
c
l
.
l
o
a
m
l
o
a
m
s
o
m
e
w
h
a
t
0
.
6
3
-
2
.
0
0
.
1
9
-
0
.
2
5
.3
2
h
i
g
h
po
or
ly
D
r
um
m
e
r
s
i
.
c
l
.
1
o
a
m
s
i
.
c
1
.
l
o
a
h
lo
am
,
p
o
o
r
l
y
0
.
6
3
—
2
.
0
0
.
1
7
—0
.
2
4
.4
3
h
i
g
h
G
N
e
a
r
l
y
l
e
v
e
l
to
v
e
r
y
s
t
e
e
p
(
0
—
2
5
+
Z
s
l
o
p
e
)
,
W
a
r
s
a
w
l
o
a
m
s
a
.
c
l
.
l
o
a
h
s
a
n
d
&
w
e
l
l
0
.
6
~
2
.
0
0
.
1
3
—
0
.
2
4
.3
2
m
e
d
i
u
m
mo
de
ra
te
ly
fi
ne
to
mo
de
ra
te
ly
co
ar
se
te
xt
ur
ed
,
8r
aV
€1
we
ll
dr
ai
ne
d,
me
di
um
ac
id
to
sl
ig
ht
ly
al
ka
li
ne
so
il
s
f
o
r
m
e
d
o
n
k
a
m
e
s
,
e
s
k
e
r
s
’
m
o
r
a
i
n
e
s
,
o
u
t
w
a
s
h
P
l
a
i
n
s
C
a
r
m
i
s
a
.
c
l
.
l
o
a
m
s
a
.
c
l
.
l
o
a
m
s
a
n
d
w
e
l
l
2
.
0
—
6
.
3
0
.
1
2
—
0
.
2
0
.3
2
m
e
d
i
u
m
an
d
te
rr
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.
R
o
d
m
a
n
g
r
a
ve
l
l
y
g
r
a
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l
l
y
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6
we
ll
(
2
0
.
0
0
.
0
2
—0
.
1
2
.2
0
l
o
w
l
o
a
m
l
o
a
m
g
r
a
v
e
l
H
N
e
a
r
l
y
l
e
v
e
l
t
o
s
l
o
p
i
n
g
(
0
—
1
2
2
s
l
o
p
e
)
,
m
e
d
i
u
m
R
i
n
g
w
o
o
d
s
i
l
t
l
o
a
m
c
l
a
y
l
o
a
m
s
a
n
d
y
l
o
a
m
w
e
l
a
j
m
o
d
.
0
.
6
—
2
.
0
0
.
1
9
—
0
.
2
5
.3
2
h
i
g
h
t
e
x
t
u
r
e
d
,
w
e
l
l
a
n
d
m
o
d
e
r
a
t
e
l
y
w
e
l
l
d
r
a
i
n
e
d
,
w
e
st
ro
ng
ly
ac
id
to
ne
ut
ra
l
so
il
s
fo
rm
ed
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ti
ll
P
l
a
i
n
s
-
D
u
r
a
n
d
s
i
l
t
l
o
a
m
c
l
a
y
l
o
a
m
s
a
n
d
y
l
o
a
m
w
e
l
l
0
.
6
—
2
.
0
0
.
1
9
—
0
L
2
5
.3
2
h
i
g
h
G
r
i
s
w
o
l
d
l
o
a
m
c
l
a
y
l
o
a
m
s
a
n
d
y
l
o
a
m
w
e
l
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0
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6
-
2
.
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0
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1
k
-
0
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2
2
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2
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i
g
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OCI
-
ATION
NUM
BER
SOIL
ASSO
CIAT
ION
DESC
RIPT
ION
MAJOR
SOIL
SER
IES
SOIL
TE
XT
UR
E
 
TOP
_»SOIL
 
 
Il
li
no
is
(c
on
ti
nu
ed
)
Nea
rly
lev
el
to
slo
pin
g
(0—
12Z
slo
pe)
,
med
ium
't
ex
tu
re
d,
we
ll
to
so
me
wh
at
po
or
ly
dr
ai
ne
d,
med
ium
aci
d t
o n
eut
ral
soi
ls
for
med
on
out
was
h
and
til
l p
lai
ns
and
mor
ain
es.
Nea
rly
lev
el
to
gen
tly
slo
pin
g
(0—
62
slo
pe)
,
med
ium
tex
tur
ed,
som
ewh
at
poo
rly
dra
ine
d,
med
ium
aci
d t
o s
lig
htl
y a
lka
lin
e s
oil
s f
orm
ed
on
lak
e
an
d
ti
ll
pl
ai
ns
.
Nea
rly
lev
el
to
slo
pin
g (
0—1
22
slo
pe)
, m
edi
um
to
mod
era
tel
y f
ine
tex
tur
ed,
som
ewh
at
poo
rly
to
ver
y p
oor
ly
dra
ine
d,
med
ium
aci
d t
o s
lig
htl
y
alk
ali
ne
soi
ls
for
med
on
lak
e a
nd
til
l p
lai
ns
an
d
mo
ra
in
es
.
Gent
ly s
lopi
ng t
o mo
dera
tely
stee
p (3
-18Z
slop
e),
mediu
m tex
tured
, we
ll to
poorl
y dra
ined,
stron
gly
to s
ligh
tly
acid
soil
s f
orme
d on
lake
and
till
pla
ins
and
mor
ain
es.
Near
ly
leve
l t
o sl
opin
g (
0—12
2 s
lope
),
medi
um
text
ured
, w
ell
drai
ned,
medi
um a
cid
to n
eutr
al
soil
s f
orme
d on
outw
ash
plai
ns,
stre
am t
erra
ces,
val
ley
tra
ins
and
mor
ain
es.
Nea
rly
lev
el
to
slo
pin
g (
0-1
22
sla
pe)
, m
edi
um
to
mod
era
tel
y c
oar
se
tex
tur
ed,
wel
l a
nd
mod
era
tel
y
wel
l d
rai
ned
, m
edi
um
aci
d s
oil
s f
orm
ed
on
til
l
p 1a
ins
and
mor
ain
es .
Lar
ose
Sa
yb
ro
ok
Lis
bon
Ell
iot
Ash
kum
And
res
Swy
ger
t
Bry
ce
Cl
ar
en
ce
Rowe
Birkbeck
Ward
Rus
sel
l
Fox
Hom
er
Cas
co
McHe
nry
Lap
eer
 
Pe
ca
nt
on
ic
a
si
lt
lo
a
silt
silt
lo
am
l
o
a
m
si
lt
lo
am
si
lt
lo
am
si
lt
lo
am
si
lt
lo
am
si
lt
lo
am
sil
ty
cla
y
si
.c
l.
lo
am
si
lt
lo
am
si
lt
silt
si
lt
si
lt
lo
am
lo
am
lo
am
lo
am
lo
am
lo
am
si
lt
lo
am
sa
nd
y
lo
a
  
SUB
$9“
SUB
STRATA
 
NATURAL
SOIL
DRAINAGE
PERME—H
ABILITY
0F I
DST
RESTRICT-
ED LAYER
in./hr.
AVAILABLE
WATER
CAPA
CITY
1
in
./
in
c~
(K
)
FAC-
TOR
NATU
RAL
FER—
TIL
ITY
-B§MARKS
si
.c
l.
lo
am
si
.c
l.
lo
am
si
.c
l.
lo
am
si
.c
l.
lo
am
si.cl
.loam
isi.c
l.loa
m
si.
cl.
silty
clay
silty
clay
clay
si
lt
y
cl
ay
si
lt
lo
am
si
lt
lo
am
lo
am
si.cl
.loam
si.cl.
silty
clay
silty
clay
bl
ay
clay
 
si.c
l.lo
a
si.c
l.lo
a
si.c
l.la
o
si
.c
l.
lo
a
loam
sa
.c
l.
lo
a+
si.c
l.lo
aq
sa.
cl.
loa
n
sa
.c
l.
lo
an
lo
am
lo
am
loam
san
d &
gra
vel
san
d &
gravel
san
d a
g
r
a
v
e
l
san
dy
loa
m
sandy
loam
sa
nd
y
lo
an
 
well
well 8 mod.
well
some
what
poorly
some
what
poo
rly
somewhat
poo
rly
some
what
poorly
some
what
poo
rly
poorly,
very
poorl
somewhat
poo
rly
poo
rly
mod.
well
poorly
we
ll
well
well
well
well
& mod
.
we
ll
well
well&
mod.
we
ll
I
 
0.6—2.0
0.6—2.0
0.6—2.0
0.2
—0.
6
0.
2-
0.
6
0.6
—2.
0
0.
06
-0
.2
0
0.06
—0.2
0
(
0
.
0
6
0.
06
—0
.2
0
0.
6—
2.
0
0.6
—2.
0
0.6
—2.
0
0.6
—2.
0
0.6
—2.
0
0.
6—
2.
0
0.
6—
2.
0
0
.
8
—
2
.
5
0.6
—2.
0
0.12—0.16
0.12
—0.1
6
0.16
—0.2
5
0.
14
—0
.2
4
0.
12
—0
.2
3
0.
16
-0
.2
b
0.
11
—0
.2
4
0.
09
—0
.2
3
0.11
-0.2
4
0.
11
—0
.2
4
0.
16
-0
.2
4
0.
16
—0
.2
4
0.18-0.24
0.
12
-0
.1
6
0
.
l
3
«
0
.
2
4
0.
15
-0
.2
4
0
.
1
5
—
0
1
9
0.
10
—0
.1
6
0.
20
—0
.2
4
 
.32
.3
2
.3
2
.37
.37
.32
.43
.49
.49
.49
.3
7
343
.3
7
.37
.37
.3
2
.37
.2
8
.
3
7
 
high
high
high
high
high
hi
gh
hi
gh
high
hi
gh
high
hi
gh
hi
gh
hi
gh
high
med
ium
med
ium
high
me
di
um
m
e
d
i
u
m
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,
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d
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de
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~d
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,
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l
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s
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li
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d
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.
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ly
le
ve
l
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g
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me
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po
or
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ro
ng
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s
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ra
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.
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l
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g
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—1
2Z
sl
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,
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di
um
te
xt
ur
ed
,
we
ll
to
po
or
ly
dr
ai
ne
d,
ve
ry
st
ro
ng
ly
ac
id
to
ne
ut
ra
l
so
il
s
fo
rm
ed
on
ou
tw
as
h
an
d
ti
ll
pl
ai
ns
,
an
d
al
lu
vi
al
te
rr
ac
es
.
Ne
ar
ly
le
vel
to
mo
de
ra
te
ly
st
ee
p
(0
—1
82
sl
op
e)
,
mo
de
ra
te
ly
coa
rse
to
coa
rse
tex
tur
ed,
wel
l
to
so
me
wh
at
po
or
ly
dr
ai
ne
d,
me
di
um
to
st
ro
ng
ly
aci
d
soi
ls
for
med
on
out
was
h
pla
ins
and
str
eam
te
rr
ac
es
,
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Str
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i
Morley
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unt
Be
ec
he
r
Na
pp
an
ee
Li
tt
le
to
r
Pro
cto
r
Pla
no
Ca
md
en
Hur
st
Gin
at
Spa
rta
Ridg
evil
le
Bloo
mfie
lc
Alv
in
 
fi
.s
a.
lo
am
si
lt
lo
am
si
lt
lo
am
si
lt
lo
am
si
lt
lo
am
si
lt
lo
am
si
lt
lo
am
si
lt
lo
am
si
lt
lo
am
si
lt
si
lt
loam
lo
am
si
lt
lo
am
loamy sann
fi
.s
a.
lo
m
fi
ne
sa
nd
h s
a.c
l.l
o
S
U
B
STRATA
si
.c
l.
lo
an
cl
ay
lo
am
si.
cl.
loa
n
s
i
.
c
1
.
si
.c
l.
lo
ar
cl
ay
si
lt
lo
am
si
.c
1.
lo
an
si
.c
l.
lo
a1
si
.c
l.
lo
am
si
lt
y
cl
ay
sil
ty
cla
y
sand
fi
.s
a.
lo
a
v.
fi
.s
a.
lo
am
   
si
lt
y
cl
ay
si
lt
lo
am
si
lt
lo
am
si
lt
y
cl
ay
loa
m,
si
.c
1.
lo
am
sa
nd
fi
ne
sa
nd
v.fi
.sa.
lo
am
lo
am
si.
cl.
loa
n
si.
cl.
loa
h
si.
cl.
loa
n
lo
am
,
san
dy
loa
n
sa
nd
lo
am
si
lt
lo
am
fine
sanc
l
o
a
m
 
wel
l a
mod
.
well
wel
l
& m
od.
wel
l
& m
od
wel
l
& m
od
we
ll
po
or
ly
well
we
ll
we
ll
&
mo
d.
1’ E RM E—
ABILITY
0F MOST
REST
RICT
—
ED LAYER
in./hr.
AVAI
LABL
E
WATER
CAPA
CITE
J
in
.
n
.
—:
NAT
URA
L
SOIL
PRAINACE
R
)
FA
C—
TOR
NATURAL
FER~
TIL
ITY
REMARKS
 
0.
6-
2.
0
0.
16
-0
.2
5
.37
we
ll
0.
6—
2.
0
0.
16
—0
.1
q
.37
0.2
0—0
.8
0.1
8a0
.1€
.43
well
so
me
wh
at
0.
06
-0
.6
0.
18
—0
.1
E
.43
poorly
so
me
wh
at
0.
06
—0
.2
0
0.
ll
—O
.2
.37
po
or
ly
so
me
wh
at
<0
.0
6
0.
16
—0
.1
1
.4
9
poo
rly
so
me
wh
at
0.
6-
0-
ZO
!
0.
20
—O
JZ
4
.32
poorly
0.
6—
2.
0
0.
18
—0
.2
5
.3
2
we
ll
0.
6—
2.
0
0.
18
—0
.2
4
.3
2
we
ll
0.6
—2.
0
(0.06
0.
18
—0
.2
4
0.
10
-0
.2
4
.37
so
me
wh
at
.49
po
or
ly
.43
(0.0
6 0
.2—0
.24
6.
0—
20
.0
0.
6—
0.
14
.1
7
so
me
wh
at
0.
6—
6.
3
0.
15
—0
.2
2
.2
4
po
or
ly
.17
.2
8
2.
0—
20
.0
0.6
—6.
3
0.
6-
0.
14
0.
12
—0
.2
0
   
hi
gh
hi
gh
hi
gh
hi
gh
high
hi
gh
mediuﬁ
hi
gh
high
high
hi
gh
hi
gh
lo
w
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lo
w
l
o
w
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The increasing cone of influence, predominantly westward, now causes
groundwater to flow northwest from Indiana, west from Lake Michigan,
and south from Wisconsina—all from within the Great Lakes Basin. The amount
is not appreciable at present, but the problems of relocation or establishment
of new pumping centers, increased pumping lifts, depletion of water in
storages and potential migration of saline waters are of immediate
concern.
The salinity of groundwater is a problem in the southern part
of the area. Indiana has saline water in most of the bedrock formations,
with good quality bedrock water available only in the northwest portion of
the Silurian—Devonian aquifer. Elsewhere, saline water is present in the
deeper parts of the sandstone aquifer from the Milwaukee area south throughout
the planning subarea. Water in the unconsolidated aquifers is saline
in some parts of lower Michigan also.
Hardness and a high sulfate content of the water also are problems
in the shallow unconsolidated and Silurian—Devonian aquifers. Thecarbonate
rock causes high hardness throughout most of the area, whereas sulfate is
a local problem.
The Silurian—Devonian formations are exposed or are near the
surface at many places in the area. Contaminants from poor waste—disposal
systems can easily migrate into and through the solution channelsand
fractures of the dolomite formation. Careful evaluation of waste—disposal
sites is needed throughout the area to prevent pollution of the shallow
aquifer.
Management of the groundwater resources in Planning Subarea 2.2
seems imperative in this highly developed region. The following tables and
maps give a detailed description of aquifer systems in the area.
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Lakes Region.
Th
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.
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at
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e
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T
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p
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i
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b
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p
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i
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c
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c
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p
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b
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i
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c
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e
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i
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c
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r
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b
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p
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i
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c
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p
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p
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c
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 Table 16
(9)
C
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E
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A
L
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R
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R
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0
0.
2-
12
31
0-
11
00
52
La
ke
Co
un
ty
da
ta
on
ly
.
Si
lu
ri
an
70
-9
50
40
0-
10
00
1-
17
0
0-
7
30
0-
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e
to
id
le
fa
rm
s
in
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in
cr
ea
se
fr
om
9,
49
1,
74
3
to
13
,2
55
,7
00
.
Th
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e
dr
ai
na
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e
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za
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h
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l
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d
de
ve
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t
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ra
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se
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t
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ces
.
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The Lake Michigan shore also provides some wildlife benefits in
the form of waterfowl hunting, but public access is poor due to private
ownership of most of the shoreline. The acreage of public hunting lands
per licensed hunter is .25 (.10 hectare). Compounding the problems of lack
of opportunity and loss of open space is an increase in pollution,
particularly in the southern tip of Lake Michigan. Air and water quality
are so low that they sometimes constitute a direct hazard to the health and
well being of fish and wildlife, as well as the human population,
Demographic and Economic Characteristics
 
120911132122
Planning Subarea 2.2 includes seven counties in Wisconsin, six
counties in Illinois, and four counties in Indiana. This is the most highly
urbanized area in the entire Great Lakes Basin. This concentration of
people and industries lies on the hydrologic divide between Lake Michigan
and the Illinois River, which is part of the Upper Mississippi River Basin.
This megalopolis generates tremendous requirements for water and related land
resources. Not all purposes are compatible; for example, recreational ‘
development competes with industrial expansion for use of the Lake Michigan
shoreline.
The 1970 population of Planning Subarea 2.2 was 9,491,743 with
18.5 percent in Wisconsin, 73.5 percent in Illinois, and 8 percent in
Indiana.
Besource Use and Development
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Table 17
 
 
County Name
Planning Subarea 2.2
Total
Illinois
Cook
Du Page
Kane
Lake
McHenry
H111
lmﬂae
Lake
La Porte
Porter
Starke
Wisconsin
Kenosha
Milwaukee
Ozaukee
Racine
Walworth
Washington
Haukesha
  
 
To COnvert Fro-
Square Miles (sq I1)
10)
POPULATION DATA BY COUNTY<
Mr Percent Land
TOTAL POPULATION Urban Urban Area Sq
1940 1950 1960 1970 1970 1970' H1 1970
6,034,291 6,918,804 8,481,097 9,491,743 8,900,936 94.0 8,196
4,569,643 5,177,868 6,220,913 6,977,671 6,710,912 96.0 3,719
4,063,342 4,508,792 5,129,725 5,493,766 5,473,670 99.7 954
103,480 154,599 313,459 490,882 468,983 95.3 331
130,206 150,388 280,246 251,005 219,662 87.5 520
121,094 179,097 293,656 382,638 311,414 81.4 457
37,311 50,656 84,210 111,555 57,420 51.5 610
114,210 134,336 191,617 247,825 179,763 72.0 847
396,949 500,318 686,570 757,989 644,880 85.0 1,855
293,195 368,152 513,269 546,253 516,075 94.5 513
63,660 76,808 95,111 105,342 69,560 66.0 607
27,836 40,076 60,279 87,114 55,726 64.0 425
12,258 15,282 17,911 19,280 3,519 18.3 310
1,067,699 1,240,618 1,573,614 1,756,083 1,545,144 88.0 2,622
63,505 75,238 100,615 117,917 84,262 71.5 272
766,885 871,047 1,036,041 1,054,249 1,054,063 100.0 237
18,985 23,361 38,441 54,461 36,730 67.5 236
94,047 109,585 141,781 170,838 130,052 76.1 337
33,103 41,584 52,368 63,444 24,537 38.7 557
28,430 33,902 46,119 63,839 303028 47.0 429
62,744 85,901 158,249 231,335 185,472 80.2 554
To HEIElEIf1ﬁf~——ﬂu_.
Square Kilo-etern (sq kl) 2-59
Table 18
AGRICULTURAL LAND USE, PLANNING SUBAREA 2.2(
11)
Current Nor-‘12]
 
Crop Acreazf
Wheat 116.0
Oats 163.0
Rye 2.9
Barley 6.8
Misc. Small Grains 9.5
Corn for Grain 900.0
Corn Silage 138.3
Soybean 411.0
Dry 8.0. Beans 0
Sugar Beets 0
Potatoes 9.3
Fruits 8.1
Conn. Vegetables 55.4
Comm. Sod 13.4
Alfalfa Hay 382.6
Clover & Timothy Hay 58.4
Cropland Pasture 91.5
Idle Croplend 477.2
Total Cropland 2843.4
Improved Pasture 87.0
Improvable Pasture 119.9
N. Improv. Pasture 30.5
Total Pasture 1/ 237.4
Total Ag. Land— 3080.8
u
Better..-
 
N
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1150.7
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»
o
.
U
I
N
12.3
96.1
1246.8
1/ Totals may not add due to rounding
27 Measurement is
2] Current normal
everlges
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in thousands of acres or hectares
represents present yield estimares based on 1958-1972
 Table 19
POPULATION,
EMPLOYMENT,
PERSONAL
INCOME,
AND
EARNINGS
BY
INDUSTRY
IN
1970,
PLANNING
SUBAREA
2.2
(11)
1970
Population, midyear 9’515’559
Per capita income (19673) 4,135
Per capita income Rel. (U.S.-l.00) 1.20
Total employment 3,913,980
Employment/population ratio _4L
(in 1000's of 19675)
Total personal income 39,819‘026
Total earnings 32,755,005
Agriculture, forestry & fisheries 122.2543
Agriculture _
Forestry and fisheries ‘
Mining 54,978a
Metal -
Coal -
Crude petroleum & natural gas -
Nonmetallic, except fuels -
Contract construction 2’103'648
Manufacturing 11'565'836
Food & kindred products '
Textile mill products '
Apparel & other fabric products '
Lumber products & furniture '
Paper and allied products
Petroleum refining
Primary metals '
Fabricated metals & ordnance
Machinery, excluding electrical
Electrical machinery & supplies
Motor vehicles & equipment
Transportation equip., excl. mtr.
vehs. '
Other manufacturing ’
Trans.. comm. & public utilities 2,492,312
Wholesale and retail trade 5,863,370
Finance, insurance & real estate 1,816,851
Services 4,918,798
Government 3,805,258
Federal Government 813,273
State and local government 2,691,A97
Armed Forces 300,487
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 PLANNING SUBAREA 2.3
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i
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.
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.
46
1,
90
6
53
9,
22
5
La
nd
Us
e
an
d
wa
te
r
Ar
ea
19
70
(a
cr
es
)
Ja
ck
so
n,
Mi
ch
.
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op
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.
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Table
SOIL CHARACTERISTICS IN
2
1
PLANNING SUBAREA
 
SOIL
ASSOCI-
ATION
NUM
BER
SOIL ASSOCIATION DESCRIPTION
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6
  
S
O
[L TEXTURE
 
MAJOR
SOIL
SERIES
SOIL
SUB
SOIL
SUB
STRATA
NATURAL
SOIL
DRAINAGE
 
Michigan
1 Nearly level to sloping (0-122 slope), medium
textured, well to somewhat poorly drained,
and mo
raines
.
20 Nearly level to gently sloping (0-62 slope),
coarse to moderately fine textured, somewhat
poorly to very poorly drained, medium acid to
and moraines.
22
well to ver
y poorly dr
ained, slig
htly to very
strongly acid soils fo
rmed on till plains an
d
mora
ines
.
25 Nearby level to gently sloping (0-61 slope),
acid to neutral soils formed on lake, outwash
and till plains and moraines.
 
medium acid to neutral soils formed on till plains
neutral soils formed on outwash and till plains
Nearly level to moderately steep (0—182 slope),
moderately coarse to medium textured and organic,
coarse to moderately fine textured and organic,
some what poorly to very poorly drained, medium
Nester loam
Kawk
awli
n
loam
Selkirk
silt loa
m
Sims
clay loam
Kawkawiin loam
Capac loam
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Onaway loam
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sandy loam
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qmuck
Brevort
loamy sa
nd
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loamy sand
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clay loam
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clay
loam
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clay loam
clay loam
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clay
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clay
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clay
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clay loam
clay loam
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a
very poorly
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y lo
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hat
poorly
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ly &
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very
poorl
y
0.2—0.6
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V
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0.
2—
0.
8
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0.06-0.2'
6.3-20.0
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0.
16
—0
.1
8
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.16-0.18
3.16-0.18
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0.50
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—0.1
8
0.16
-0.1
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0.
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.43
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2
3
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.37
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well
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y c
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l
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lak
e,
out
was
h a
nd
til
l p
lai
ns,
dru
mli
ns,
Emm
et
san
dy
loa
m s
and
y c
lay
san
dy
loa
m w
ell
8 m
od.
0.8
—2.
5'
0.1
0-0
.16
.28
mor
ain
es,
and
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0'
08
0'
04
'17
10
w
san
d
poo
rly
&
6.3
-20
.0
0.0
4—0
.06
.17
low
29
Ne
ar
ly
le
ve
l
to
ge
nt
ly
sl
op
in
g
(0
—62
sl
op
e)
,
co
ar
se
Ro
sc
om
mo
n
sa
nd
sa
nd
very
poor]
te
xt
ur
ed
an
d
or
ga
ni
c,
so
me
wh
at
po
or
ly
to
ve
ry
l
d
i
d
at
o
1
to
sl
i
ht
l
ac
id
mi
ne
ra
l
gz
zl
sn
yE
Ze
de
od
ou
ng
gh
f
la
ke
ai
d
ti
ll
pl
ai
ns
.
A“
Gr
eg
sa
nd
Ba
nd
Ba
nd
so
me
wh
at
6'
3_
20
'0
0'
O6
_0
'0
4
'17
1°
"
poorly
7
7
Org
ani
c
muc
k
muc
k
muc
k
ver
y p
oor
ly
5.0
—20
.0
0.5
0
.17
low
som
ewh
at
(0.
06
0.1
6—0
.14
.49
hig
h
31
Nea
rly
lev
el
to
slo
pin
g
(0—
122
slo
pe)
,
med
ium
to
Nap
pan
ee
sil
t l
oam
cla
y
sil
ty
cla
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ra
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ra
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ra
in
es
.
Ne
ar
ly
le
ve
l
to
sl
op
in
g
(O
—I
ZZ
sl
op
e)
,
me
di
um
to
mo
de
ra
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um
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c
o
n
t
i
n
u
e
d
.
A
t
o
t
a
l
o
f
3
0
9
n
o
n
m
e
t
t
a
l
l
i
c
m
i
n
e
r
a
l
o
p
e
r
a
t
i
o
n
s
a
n
d
1
,
4
5
7
o
i
l
a
n
d
g
a
s
w
e
l
l
s
w
e
r
e
p
r
o
d
u
c
i
n
g
i
n
1
9
6
8
.
A
l
l
o
f
t
h
e
c
o
u
n
t
i
e
s
h
a
d
s
a
n
d
a
n
d
g
r
a
v
e
l
o
p
e
r
a
t
i
o
n
s
.
O
i
l
a
n
d
n
a
t
u
r
a
l
g
a
s
w
e
l
l
s
w
e
r
e
a
c
t
i
v
e
i
n
1
2
c
o
u
n
t
i
e
s
,
m
a
r
l
p
i
t
s
i
n
1
7
c
o
u
n
t
i
e
s
,
p
e
a
t
b
o
g
s
i
n
8
c
o
u
n
t
i
e
s
,
s
h
a
l
e
p
i
t
s
i
n
3
c
o
u
n
t
i
e
s
,
l
i
m
e
s
t
o
n
e
q
u
a
r
r
i
e
s
i
n
2
c
o
u
n
t
i
e
s
,
a
n
d
g
y
p
s
u
m
m
i
n
e
s
a
n
d
s
a
n
d
s
t
o
n
e
q
u
a
r
r
i
e
s
i
n
o
n
e
c
o
u
n
t
y
e
a
c
h
.
L
a
n
d
r
e
q
u
i
r
e
m
e
n
t
s
f
o
r
e
x
t
r
a
c
t
i
v
e
m
i
n
e
r
a
l
s
t
o
t
a
l
1
9
0
h
e
c
t
a
r
e
s
(
4
6
6
a
c
r
e
s
)
.
P
e
a
t
r
e
q
u
i
r
e
s
8
0
h
e
c
t
a
r
e
s
(
1
9
4
a
c
r
e
s
)
,
a
n
d
s
a
n
d
a
n
d
g
r
a
v
e
l
1
0
5
h
e
c
t
a
r
e
s
(
9
,
2
5
9
a
c
r
e
s
)
.
C
r
u
s
h
e
d
s
t
o
n
e
r
e
q
u
i
r
e
s
5
h
e
c
t
a
r
e
s
(
1
2
a
c
r
e
s
)
,
a
n
d
c
l
a
y
s
a
n
d
s
h
a
l
e
a
b
o
u
t
.
5
h
e
c
t
a
r
e
s
(
1
a
c
r
e
)
.
T
h
e
l
o
c
a
t
i
o
n
s
o
f
s
e
l
e
c
t
e
d
o
p
e
r
a
t
i
o
n
s
a
r
e
s
h
o
w
n
i
n
f
o
l
l
o
w
i
n
g
F
i
g
u
r
e
2
0
,
E
a
t
e
r
R
e
s
o
u
r
c
e
s
S
u
r
f
a
c
e
W
a
t
e
r
H
y
d
r
o
l
o
g
y
 
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
2
.
3
e
n
c
o
m
p
a
s
s
e
s
w
i
t
h
i
n
i
t
s
h
y
d
r
o
l
o
g
i
c
b
o
u
n
d
a
r
i
e
s
n
e
a
r
l
y
3
3
,
6
7
0
s
q
u
a
r
e
k
i
l
o
m
e
t
e
r
s
(
1
3
,
0
0
0
s
q
u
a
r
e
m
i
l
e
s
)
.
T
h
i
s
a
r
e
a
c
o
n
t
a
i
n
s
m
o
r
e
t
h
a
n
1
7
,
7
0
0
s
t
r
e
a
m
k
i
l
o
m
e
t
e
r
s
(
1
1
,
0
0
0
s
t
r
e
a
m
m
i
l
e
s
)
i
n
c
l
u
d
i
n
g
t
h
e
f
o
l
l
o
w
i
n
g
m
a
j
o
r
r
i
v
e
r
s
:
S
t
.
J
o
s
e
p
h
,
E
l
k
h
a
r
t
,
K
a
l
a
m
a
z
o
o
,
B
l
a
c
k
,
R
e
d
C
e
d
a
r
,
G
r
a
n
d
a
n
d
P
a
w
P
a
w
.
V
a
r
i
a
t
i
o
n
s
f
r
o
m
t
h
e
n
o
r
m
a
l
s
p
r
i
n
g
h
i
g
h
s
a
n
d
l
a
t
e
s
u
m
m
e
r
l
o
w
s
d
o
o
c
c
u
r
.
T
h
e
R
e
d
C
e
d
a
r
,
t
h
e
G
r
a
n
d
a
n
d
t
h
e
K
a
l
a
m
a
z
o
o
o
f
t
e
n
e
x
p
e
r
i
e
n
c
e
f
l
o
o
d
i
n
g
,
w
h
i
l
e
t
h
e
P
a
w
P
a
w
,
t
h
e
S
t
.
J
o
s
e
p
h
a
n
d
t
h
e
E
l
k
h
a
r
t
R
i
v
e
r
s
g
e
n
e
r
a
l
l
y
m
a
i
n
t
a
i
n
u
n
i
f
o
r
m
f
l
o
w
s
.
A
n
n
u
a
l
r
u
n
o
f
f
a
v
e
r
a
g
e
s
a
b
o
u
t
2
5
c
e
n
t
i
m
e
t
e
r
s
(
1
0
i
n
c
h
e
s
)
.
T
h
e
r
e
a
r
e
t
w
o
r
e
s
e
r
v
o
i
r
s
i
t
e
s
o
n
b
o
t
h
t
h
e
G
r
a
n
d
R
i
v
e
r
a
n
d
t
h
e
K
a
l
a
m
a
z
o
o
R
i
v
e
r
.
T
h
e
s
e
f
o
u
r
s
i
t
e
s
c
o
m
b
i
n
e
f
o
r
1
,
5
6
0
h
e
c
t
a
r
e
s
(
3
,
8
6
0
a
c
r
e
s
)
o
f
a
d
d
i
t
i
o
n
a
l
s
u
r
f
a
c
e
w
a
t
e
r
w
i
t
h
i
n
t
h
i
s
b
a
s
i
n
.
A
l
s
o
o
v
e
r
2
0
0
s
m
a
l
l
e
r
r
e
s
e
r
—
v
o
i
r
s
(
l
e
s
s
t
h
a
n
2
0
2
h
e
c
t
a
r
e
s
o
r
5
0
0
a
c
r
e
s
)
e
x
i
s
t
w
i
t
h
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
2
.
3
.
O
v
e
r
1
,
7
0
0
i
n
l
a
n
d
l
a
k
e
s
a
r
e
f
o
u
n
d
i
n
t
h
i
s
a
r
e
a
t
h
a
t
c
o
m
b
i
n
e
f
o
r
5
6
,
8
3
3
h
e
c
t
a
r
e
s
(
1
4
0
,
4
4
3
a
c
r
e
s
)
o
f
s
u
r
f
a
c
e
w
a
t
e
r
.
M
o
r
e
t
h
a
n
9
0
%
o
f
t
h
e
s
e
l
a
k
e
s
a
r
e
l
o
c
a
t
e
d
i
n
t
h
e
M
i
c
h
i
g
a
n
p
o
r
t
i
o
n
o
f
t
h
i
s
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
.
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 Table 22
FLOW CHARACTERISTICS AT SELECTED STATIONS (8)
     
Monthly Mean Annual Mean
Period Drainage Average Discharge Discharge
Station Stream and of Area Discharge Maximum Minimum Maximum Mini-u.
No.
4
Stat
ion
Reco
rd
(sq
mi)
(cfs)
(cfs)
(cfs)
(cfs)
(cfa)
Planning Subarea 2.3
975 St. Joseph River at
Three Rivers, Mich. 1953-73 1,350 1,041 2,830 187 1,576 365
985 Fawn River near white
Pigeon, Mich. 1957—73 192 155 329 38 222 69
1015 St. Joseph River at
Niles, Mich. 1930—73 3,666 3,112 13,600 828 5,718 1,46‘
1025 Paw PawRiver at
Riverside, Mich. 1951—73 390 [:11 1,0140 158 600 270
1060 Kalamazoo River at
Comstock, Mich. 1932-73 1,010 820 3,020 235 1,387 369
1085 Kalamazoo River near
Ferudale, Mich. 1929-73 1,600 1,343 5,000 285 2,071» 737
1130 Grand River at
Lansin
g, Mi
ch.
1934—7
3
1,230
811
7,240
61
1,100
230
1190 Grand River at
Grand
Rapid
s, Mi
ch.
1930-
73
0,900
3,454
21,60
0
617
6,311;
1,618
To C
onve
rt
From
1'3
Mult
iply
By
Squa
re
Mile
s (
sq m
i)
Squa
re
Kilo
mete
rs
(sq
kn)
2.59
Cubi
c F
eet
Per
Seco
nd
(cfs
)
Cubi
c Me
ters
Per
Seco
nd
(cue
)
0.02
8
Ground Water
Pol
lut
ion
of
the
bou
nti
ful
gro
und
wat
er
res
our
ce
is
a l
oca
l p
rob
lem
in
Pla
nni
ng
Sub
are
a
2.3
.
The
re
als
o
are
are
as
of
con
cen
tra
ted
pum
pag
e
that create problems.
In
ge
ne
ra
l,
th
er
e
ar
e
fe
w
ar
ea
s
wh
er
e
gr
ou
nd
wa
te
r
is
no
t
pl
en
ti
fu
l.
It
is
on
ly
in
th
e
Ot
ta
wa
Ri
ve
r
Ba
si
nw
he
re
in
ad
eq
ua
te
yi
el
ds
fo
r
ot
he
r
th
an
do
me
st
ic
we
ll
s
ar
e
mo
st
li
ke
ly
to
oc
cu
r.
He
re
th
e
su
rf
ic
ia
l
de
po
si
ts
ar
e
th
in
an
d
th
e
be
dr
oc
k
aq
ui
fe
rs
ha
ve
li
mi
te
d
th
ic
kn
es
s,
co
nt
ai
n
to
o
fe
w
fr
ac
tu
re
s
wi
th
ad
eq
ua
te
st
or
ag
e
fo
r
hi
gh
—c
ap
ac
it
y
we
ll
s,
or
contain salty water.
Po
ll
ut
io
n
of
aq
ui
fe
rs
by
in
tr
od
uc
ti
on
of
ma
nm
ad
e
co
nt
am
in
an
ts
or
by
th
e
mi
gr
at
io
n
of
na
tu
ra
l
co
nt
am
in
an
ts
ca
us
ed
by
ma
n
is
a
se
ri
ou
s
lo
ca
l
pr
ob
le
m
in
th
e
ar
ea
.
Bo
th
th
e
sh
al
lo
w
un
co
ns
ol
id
at
ed
aq
ui
fe
rs
an
d
th
e
de
ep
er
be
dr
oc
k
aq
ui
fe
rs
ha
ve
be
en
or
ca
n
be
af
fe
ct
ed
by
cu
rr
en
t
pr
ac
ti
ce
s.
Th
e
po
ll
ut
io
n
of
gr
ou
nd
wa
te
r
is
mo
re
se
ri
ou
s
th
an
th
at
of
su
rf
ac
e
wa
te
r
be
ca
us
e
of
it
s
lo
ng
—l
as
ti
ng
ef
fe
ct
s,
un
de
te
ct
io
n
fo
r
lo
ng
pe
ri
od
s,
an
d
the
gen
era
l n
on-
fea
sib
ili
ty
of
rec
lai
min
g
the
aqu
ife
r.
Pe
rh
ap
s
th
e
mo
st
co
mm
on
po
ll
ut
io
n
pr
ob
le
m
is
th
e
se
ep
ag
e
of
wa
st
es
in
to
sh
al
lo
w
un
co
nf
in
ed
aq
ui
fe
rs
.
Se
pt
ic
ta
nk
s,
le
ac
hi
ng
fi
el
ds
,
we
ll
di
sp
os
al
s,
la
nd
fi
ll
s,
sp
il
la
ge
,
or
le
ak
ag
e
al
l
ad
d
wa
st
e
co
nt
am
in
an
ts
to
sa
nd
an
d
gr
av
el
aq
ui
fe
rs
an
d
to
po
ro
us
be
dr
oc
k
fo
rm
at
io
ns
oc
cu
rr
in
g
ne
ar
th
e
la
nd
su
rf
ac
e.
Th
e
pr
od
uc
ti
ve
sa
nd
an
d
gr
av
el
aq
ui
fe
rs
ar
e
P
a
r
t
i
c
u
l
a
r
l
y
s
u
b
j
e
c
t
to
e
x
t
e
n
s
i
v
e
w
a
s
t
e
—
d
i
s
p
o
s
a
l
p
r
a
c
t
i
c
e
s
in
th
e
h
e
a
v
i
l
y
populated areas and elsewhere.
I
n
d
u
s
t
r
i
a
l
w
a
s
t
e
d
i
s
p
o
s
a
l
b
y
m
e
a
n
s
o
f
d
e
e
p
w
e
l
l
s
i
s
b
e
c
o
m
i
n
g
m
o
r
e
c
o
m
m
o
n
.
I
n
w
a
s
t
e
d
i
s
p
o
s
a
l
b
y
w
e
l
l
s
,
m
i
g
r
a
t
i
o
n
o
f
t
h
e
t
o
x
i
n
s
i
s
o
f
p
r
i
m
e
concern.
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 Th
er
e
ar
e
so
me
ar
ea
s
of
na
tu
ra
ll
y
po
or
qu
al
it
y
wa
te
r
in
Pl
an
ni
ng
Su
ba
re
a
2.3
.
Hi
gh
ly
sa
li
ne
wa
te
rs
ar
e
pr
es
en
t
in
pa
rt
s
of
al
l
of
th
e
be
dr
oc
k
aq
ui
fe
rs
.
Ho
we
ve
r,
th
e
Sa
gi
na
w
an
d
Ma
rs
ha
ll
Fo
rm
at
io
ns
do
co
nt
ai
n
co
ns
id
er
ab
le
ar
ea
s
wi
th
fr
es
h w
at
er
.
Th
e
hi
gh
sa
li
ni
ty
is
re
la
te
d
to
th
e
co
nn
at
e
wa
te
r
oc
cu
rr
in
g
in
th
e
de
ep
er
be
dr
oc
k
fo
rm
at
io
ns
.
It
mo
ve
s
up
wa
rd
th
ro
ug
h
ab
an
do
ne
d
mi
ni
ng
an
d
te
st
ho
le
s
wi
th
im
pr
op
er
se
al
s,
or
by
he
ad
di
ff
er
en
ti
al
ca
us
ed
,
so
me
ti
me
s,
by
pu
mp
in
g
ov
er
ly
in
g
fr
es
h—
wa
te
r
aq
ui
fe
rs
.
Th
e
Gr
an
d
Ra
pi
ds
ar
ea
is
a
go
od
ex
am
pl
e
of
wh
er
e
th
is
si
tu
at
io
n
oc
cu
rs
.
Mu
ni
ci
pa
l
pu
mp
in
g
ha
d
to
be
ha
lt
ed
to
pr
ev
en
t
fu
rt
he
r
co
nt
am
in
at
io
n.
At
th
e
pr
es
en
t,
th
e
gl
ac
ia
l
dr
if
t
aq
ui
fe
rs
ha
ve
no
t
be
en
ex
te
ns
iv
el
y
co
nt
am
in
at
ed
in
th
is
ar
ea
by
sa
li
ne
wa
te
r.
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Table 23
GENERAL
STRATIGRAPHY
AND
MAJOR
AQUIFER
SYSTEMS
IN
PLANNING
SUBAREA
2.3(9)
(Stratigraphy
only
carried
down
to
lowermost
major
aquifer)
 
Hell 1/ Hell 2/
5:3
System
Group
For-stion
Thickness‘
yieldn_
depths—
(ft) ([25) (ft)
Major aquifers
Remarks
    
 
 
  
Indiana
        
erna
Hississippian
Cenozoic
Paleozoic
  
  
----- 7
Devonian
  
7 _____
averse
  
1 Range is that of high—capacity wells
2/ Range is that of all wells
3/ Estimated
Michigan
      
   
  
  
  
ic
Paleozoic
t
Penney vanian
  
and
Grand River
      
inn rt
  
 
Limestone saline
  
  
500 one, saline in
part
  
1_ Range is that of high-capacity wells
3/ Range is that of all wells
To Convert From 13 Hultiglz I! .§
Feet (ft) Meters (I) 0.3068
Gallons (gal) Liters (1) 3.785 7
5
Table 24 '
CHEMICAL QUALITY CHARACTERISTICS OF THE MAJOR AQUIFER SYSTEMS IN PLANNING
SUBAREA 2.3(9)
 
(Numerical ranges represent typical values and do not
include unusually high or low values)
 
Total
dissolved
Aquifer System Hardness Sulfate Chloride Iron Solids Temp. Remarks
(mg/1) (mg/l) (lug/l) (mg/1) (Ills/1) (°F)
melee
Quaternary 100-700 1—500 0-700 0-10 150—11001, 42—55
Pennsylvanian 20—8002/ 0—5003] 0—h00al 0—9 250-15003/ hS-Sh
“iE
SiS
Bip
pia
n
150
-40
0—
25—
200
~
2—1
50—
0.1
—7
200
-70
0 —~
50—
55
(Marshall)
Indiana
Quate
rnary
225—4
00
10—15
0
1— 50
0.1-7
.5
250—5
00
S&
1/ On
ly Cl
inton
Co.
excee
ds 1
,000
mg/l
ﬂ] B
arry,
Kent,
and O
ttawa
Count
ies
range
up to
3/ Barry. Kent, and Ottawa Counties range up to 750 mg/l 7,000 "8/1 ,1
2/ Ba
rry,
Kent,
and O
ttawg
Count
ies
range
up to
1,500
hall
2] B
arry
and K
ent C
ounti
es ex
ceed
3,000
mg
To Co
nvert
From
To
Hulti
glx
Dz
“_“-'——1r-— —— _
Fahrenheit ( F) Centigrade (0c) 00-5/9 ( F 32)
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SEDIMENT AT SURFACE
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N
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h]
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HYDROGRAPH
"°" Vlcmmr MAP %
SOIL: m nuts
==
     
100-500 gpm
I More than 500 gpm
Geology adapted I'om
G-t-O‘ Soc.Am,,1959
and Wayne. 1958
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O"! Yaenten1966 0 5 10 15 20 25
fr .
Fi
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GR
OU
ND
WA
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E
UN
CO
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E
D
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M
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P
L
A
N
N
I
N
G
S
U
B
A
R
E
A
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(
9
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Observation well
SCALE IN M)LES
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 Vegetation Zones and Wildlife Habitat
Fish and wildlife populations are varied and well distributed in the
basin because of the wide dispersion of small "habitat units." The graSS_
land, brushland and woodland habitats occur as small units interspersed with
water bodies and waterways. Many kinds of animals, birds, reptiles and
fish are found in the basin, but seldom in concentrated numbers. White-
tailed deer, waterfowl and small game are the major species. The subarea's
populations of walleye, bass, pike and trout have deteriorated in some areas
due to localized pollution problems. Most of the fish population is composed
of pan fish, principally bluegill, and the so-called rough species, primarily
members of the carp, sucker and catfish grOups.
Rapid population increases, coupled with a shrinking resource base, will
result in greatly increased pressure on wildlife in the subarea. Programs
of stream channelization have contributed to a shrinking wildlife base, with
an affect on furbearers, upland game and non—game populations. Insecticide
runOff from orchards and non—agricultural applications has created problems
in marshes, as well as the more well—known problems of fish ecology.
Demographic and Economic Characteristics
Ropulation
Between 1940 and 1970 population in Planning Subarea 2.3 increased
from approximately 1,499,000 to 2,523,000 persons, an increase of 68.3 percent,
12 percent higher than the growth in the Great Lakes Basin as a whole. Total
employment in the planning subarea increased 86 percent from 1940 to 1970,
almost 20 percent above the increase in the basin. Manufacturing industries
employed approximately 35.7 percent of the total, or 345,000 persons. The
larg
est
shar
e of
the
popu
lati
on
is e
mplo
yed
in s
ervi
ces
and
rela
ted
indu
stri
es,
due
to t
he l
arge
numb
er
of m
ediu
m—si
ze t
owns
in t
he s
ubar
ea t
hat
will
requ
ire
appropriate service industries.
Resource Use and Development
 
Pla
nni
ng
Sub
are
a
2.3
is
one
of
the
mos
t
div
ers
ifi
ed
sub
are
as
in
the
bas
in.
It
has
the
mos
t p
ote
nti
al
for
con
fli
cts
amo
ng
agr
icu
ltu
re,
urb
an,
and
rec
rea
tio
nal
use
s.
It
has
a
sol
id
bas
e
in
agr
icu
ltu
re,
wit
h
the
lar
ges
t
pro
por
tio
n
of
lan
ds
in
far
ms
of
any
pla
nni
ng
sub
are
a.
It
ran
ks
fir
st
in
acr
eag
e i
n f
rui
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Table 26
A
G
R
I
C
U
L
T
U
R
A
L
L
A
N
D
U
S
E
,
P
L
A
N
N
I
N
G
S
U
B
A
R
E
A
2
.
3
(
1
1
)
Crop
 
Wheat
Oats
Rye
Barley
Misc. Small Grains
Corn for Grain
Corn Silage
Soybean
Dry E.D. Beans
Sugar Beets
Potatoes
Fruits
Comm. Vegetables
Comm. Sod
Alfalfa Hay
Clover & Timothy Hay
Cropland Pasture
Idle Cropland
Total Cropland
Improved Pasture
Improvable Pasture
N. Improv. Pasture
Total Pasture
Total Ag. Land—
Current Normal
3/
 
AcresZ/
452.3
185.4
15.6
13.6
18.2
1075.3
159.2
251.0
116.7
0.7
22.9
199.0
59.8
14.6
513.6
164.9
155.1
1956.9
5374.8
115.3
344.1
459.4
5834.2
183.
75.
6.
5.
7.
435.
64.
101.
47.
0.
9.
80.
24.
6.
207.
66.
62.
791.
2175.
46.
139.
185.
2361.
W
N
N
K
O
O
O
V
O
O
N
L
H
W
W
N
O
N
D
N
J
-
‘
M
W
O
O
H
O
1/
Hectares~
1/ Totals may not add due to rounding
2/ Measurement is in thousands of acres or hectares
3] Current normal represents present yield estimates
based on 1958-1972 averages
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Elsnsissiésbsrss_2:ﬁ
Planning
Subarea
2.4
lies
entirely
in
the
State
of
Michigan.
Three
counties of the planning subarea are located in the Upper Peninsula and
eighteen counties in the northern half of the Lower Peninsula.
. I Part of
Mackinac County in the Upper Peninsula borders on Lake Huron.
The planning subarea consists of the watersheds of 8 river basins and
complexes, totaling over 33,670 square kilometers (13,000 square miles).
Drainage from the Upper Peninsula flows in a southerly direction into
Lake Michigan, and the drainage from the Lower Peninsula flows in a
generally westerly direction. Figure 24 shows the areal extent and the
drainage pattern of the river basin group and also the counties included.
Table 28 gives statistical information relative to the land use and water
area in the planning subarea.
Table 28
LAKE MICHIGAN NORTHEAST PLANNING SUBAREA 2.4
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r
i
n
e
a
r
e
e
x
t
r
a
c
t
e
d
f
r
o
m
t
h
e
f
o
r
m
a
t
i
o
n
s
t
h
r
o
u
g
h
w
e
l
l
s
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s
u
r
f
a
c
e
q
u
a
r
r
i
e
s
a
n
d
p
i
t
s
y
i
e
l
d
l
i
m
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s
t
o
n
e
,
d
o
l
o
m
i
t
e
,
a
n
d
s
h
a
l
e
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O
v
e
r
-
l
y
i
n
g
s
e
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m
e
n
t
s
a
r
e
o
f
g
l
a
c
i
a
l
o
r
i
g
i
n
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h
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d
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a
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Soils and Topography(7)
Pl
an
ni
ng
Su
ba
re
a
2.
4
co
ns
is
ts
pr
im
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il
y
of
sa
nd
y
so
il
s
wi
th
so
me
ar
ea
s
of
lo
am
s
an
d
or
ga
ni
c
so
il
s.
Ro
ck
ou
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ro
ps
an
d
so
me
sh
al
lo
w
to
be
dr
oc
k
so
il
s
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cu
r.
So
il
s
wi
th
fr
ag
ip
an
ar
e
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mm
on
in
th
e
no
rt
he
rn
pa
rt
of the area.
Mu
ch
of
th
e
no
rt
he
rn
pa
rt
of
th
e
ar
ea
is
in
se
co
nd
gr
ow
th
fo
re
st
.
Al
on
g
La
ke
Mi
ch
ig
an
is
a
fr
ui
t
be
lt
pr
od
uc
in
g
ch
er
ri
es
,
pe
ac
he
s,
ap
pl
es
,
st
ra
wb
er
ri
es
,
bl
ue
be
rr
ie
s
an
d
ot
he
r
fr
ui
t.
Po
ta
to
es
an
d
ot
he
r
ve
ge
ta
bl
es
ar
e
im
po
rt
an
t
ca
sh
cr
op
s.
Da
ir
y
an
d
li
ve
st
oc
k
en
te
rp
ri
se
s
ar
e
ca
rr
ie
d
on
al
on
g
wi
th
th
e
at
te
nd
in
g
pr
od
uc
ti
on
of
ha
y,
sm
al
l
gr
ai
ns
an
d
pa
st
ur
e.
Re
cr
ea
ti
on
,
bo
th
su
mm
er
an
d
wi
nt
er
,
is
an
im
po
rt
an
t
la
nd
us
e.
So
il
as
so
ci
at
io
ns
ar
e
sh
ow
n
in
Fi
gu
re
25
.
So
me
so
il
ch
ar
ac
te
r—
is
ti
cs
th
at
ar
e
im
po
rt
an
t
in
id
en
ti
fy
in
g
an
d
lo
ca
ti
ng
po
te
nt
ia
l
po
ll
ut
io
n
pr
ob
le
ms
re
su
lt
in
g
fr
om
la
nd
us
e
ac
ti
vi
ti
es
ar
e
sh
ow
n
in
Ta
bl
e
29
.
Minerals
Pe
at
,
pe
tr
ol
eu
m
an
d
na
tu
ra
l
ga
s,
sa
lt
,
sa
nd
an
d
gr
av
el
,
sh
al
e,
an
d
st
on
e
(d
ol
om
it
e
an
d
li
me
st
on
e)
ar
e
pr
od
uc
ed
in
th
e
21
Mi
ch
ig
an
co
un
ti
es
wh
ic
h
co
mp
ri
se
Pl
an
ni
ng
Su
ba
re
a
2.
4.
In
ad
di
ti
on
,
li
me
an
d
ce
me
nt
ar
e
ma
nu
fa
ct
ur
ed
fr
om
lo
ca
l
sh
al
e
an
d
li
me
st
on
e,
wh
il
e
'b
ro
mi
ne
,
ca
lc
iu
m
co
mp
ou
nd
s,
an
d
ma
gn
es
iu
m
co
mp
ou
nd
s
(s
al
in
es
)
ar
e
ex
tr
ac
te
d
or
ma
nu
fa
ct
ur
ed
fr
om
na
tu
ra
l
br
in
es
.
Fr
om
19
60
to
19
68
,
al
l
mi
ne
ra
l
co
mm
od
fﬁ
ﬁe
s,
ex
ce
pt
br
om
in
e
an
d
pe
tr
ol
eu
m,
in
cr
ea
se
d
in
bo
th
Ou
tp
ut
an
d
value.
A
to
ta
l
of
12
6
no
nm
et
al
li
c
mi
ne
ra
l
op
er
at
io
ns
an
d
69
0
oi
l
an
d
ga
s
we
ll
s
we
re
pr
od
uc
in
g
in
19
68
.
Al
l
of
th
e
co
un
ti
es
ha
d
sa
nd
an
d
gr
av
el
op
er
at
io
ns
an
d
in
th
re
e
co
un
ti
es
sa
nd
an
d
gr
av
el
wa
s
th
e
on
ly
mi
ne
ra
l
co
mm
od
it
y
mi
ne
d.
Oi
l
an
d
na
tu
ra
l
ga
s
we
ll
s
we
re
ac
ti
ve
in
12
c
o
un
t
i
e
s
;
l
i
m
e
s
t
o
n
e
a
n
d
d
o
l
o
m
i
t
e
q
ua
r
r
i
e
s
in
fi
ve
co
un
ti
es
;
s
a
l
i
n
e
o
p
e
r
a
t
i
o
n
s
,
sa
lt
mi
ne
s,
an
d
s
h
a
l
e
pi
ts
in
tw
o
c
o
un
t
i
e
s
ea
ch
;
an
d
a
p
e
a
t
b
o
g
i
n
o
n
e
c
o
u
n
t
y
.
L
a
n
d
r
e
q
u
i
r
e
m
e
n
t
s
fo
r
e
x
t
r
a
c
t
i
v
e
m
i
n
e
r
a
l
s
t
o
t
a
l
l
e
d
55
h
e
c
t
a
r
e
s
,
(
1
3
4
ac
re
s)
in
19
68
.
C
l
a
ys
an
d
sh
al
e
r
e
q
u
i
r
e
d
ab
ou
t
2
h
e
c
t
a
r
e
s
(4
ac
re
s)
,
w
h
i
l
e
c
r
u
s
h
e
d
s
t
o
n
e
r
e
q
u
i
r
e
d
18
h
e
c
t
a
r
e
s
(4
6
a
c
r
e
s
)
.
S
a
n
d
a
n
d
g
r
a
v
e
l
r
e
q
u
i
r
e
d
35
h
e
c
t
a
r
e
s
(8
4
a
c
r
e
s
)
.
S
e
l
e
c
t
e
d
o
p
e
r
a
t
i
o
n
s
a
r
e
s
h
o
w
n
i
n
f
o
l
l
o
wi
n
g
F
i
g
u
r
e
25
-
N
o
s
e
r
i
o
u
s
l
o
n
g
r
a
n
g
e
w
a
t
e
r
o
r
l
a
n
d
p
r
o
b
l
e
m
s
a
r
e
f
o
r
e
s
e
e
n
f
o
r
m
i
n
e
r
a
l
p
r
o
d
u
c
e
r
s
i
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P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
2
.
4
.
T
h
e
m
i
n
e
r
a
l
p
r
o
b
l
e
m
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
l
a
r
g
e
e
x
p
a
n
d
i
n
g
u
r
b
a
n
c
e
n
t
e
r
s
i
s
a
b
s
e
n
t
i
n
t
h
i
s
s
u
b
a
r
e
a
.
N
o
s
u
r
v
e
y
s
o
f
t
h
e
w
a
t
e
r
u
s
e
p
a
t
t
e
r
n
s
o
f
t
h
e
m
i
n
e
r
a
l
i
n
d
u
s
t
r
y
a
r
e
r
e
c
o
m
m
e
n
d
e
d
t
o
k
e
e
p
a
b
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e
a
s
t
o
f
i
n
t
a
k
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d
d
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c
h
a
r
g
e
d
w
a
t
e
r
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s
e
c
h
a
n
g
e
s
.
Water Resources
S
ur
f
a
c
e
W
a
t
e
r
H
y
d
r
o
l
o
g
y
T
h
e
h
y
d
r
o
l
o
g
i
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e
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o
f
P
l
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n
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S
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b
a
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e
a
2
.
4
m
e
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r
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v
e
r
3
3
,
6
7
0
s
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e
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i
l
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m
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3
,
0
0
0
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Table
29
(7)
SOIL CHARACTERISTICS IN PLANNING SUBAREA 2.3
 
SOIL
ASSOCI~
ATION
NUM
BER
SOIL ASSOCIATION DESCRIPTION
MAJOR
SOIL
SERIES
SOIL TEXTURE
 
TOP
SOIL
SUB
SOIL
SUB
STRATA _
9
9
1
0
1
2
Michigan
 
Nearly
level
to
sloping
(0—122
slope),
moderately
coarse
to coarse textured,
well
to somewhat
poorly drained,
very strongly to
strongly acid
soils
formed
on
lake
and
till
plains
and
moraines.
Gently undulating to hilly (3-182 slope), moderately
coarse to medium texture, well and moderately well
drinaed, neutral to mdeium acid soils formed on
moraines and lake, outwash and till plains.
Nearly level to sloping (0-122 slope), moderately
coarse to coarse textured, well to moderately
well drained, strongly to very stronglyacid soils
formed on lake, outwash and till plains and moraines
Nearly level to sloping (0—122 slope), coarse and
moderately coarse textured, well and moderately
well drained, medium to strongly acid soils formed
on lake, outwash and till plains and moraines.
Nearly level to hilly.(0—18Z.slope), moderatelY
coarse to coarse textured, well drained, slightly
to strongly acid soils formed on outwash plains,
moraines, kames and eskers.
Nearly level to rolling (0—122 slope), moderately
coarse to coarse textured, well and moderately
well drained, very strongly to slightly acid
soils formed on till over bedrock and outwash
plains and alluvial fans.
Nearly level to rolling (0—122 slope), medium
textured, well to very poorly drained, very strongly
to strongly acid mineral soils formed on till
plains and moraines. Areas of organic soils are
included.
Munising
Kewe
enaw
Skanee
Gogebic
Tre
nar
y
Kalkaska
Gogebic
Vilas
Keweenaw
Munising
Kalkaska
Rubicon
Omega
Pence
Onota
Waiska
Champion
Organic
 
Rock Knobs
loamy
sand
loamy sand
sandy
loam
sandy
loam
sandy
loam
loamy sand
sandy loam
sand
loamy sand
loamy sand
loamy sand
loamy sand
sand
sandy loam
sandy loam
loamy sand
8 sand
muck
 
sandy loam
loamy sand
sandy loam
sandy loan
sa.c1
.loam
sa
nd
sandy loam
sa
nd
loamy sand
sandy
loan
sa.
cl.
loa
w
sa
nd
sa
nd
sand
Sandy
loan
sandy
loam
san
d 8
gra
vel
v.fi.sa.loan
v.fi.sand
10
am
muck
  
sandy
loa
my
san
dy
sandy
sandy
sa
nd
sandy
sa
nd
loa
my
san
dy
sa
nd
sand
sa
nd
san
d 8
grav
sand 8
gr
av
muck
lo
am
sa
nd
loam
lo
am
lo
am
lo
am
sand
lo
am
e1
e1
v loa
my sa
n
NOT
NAT
URA
L
SOIL
DRAINAGE
PERHE-
ABILITY
0F HOST
RESTRICT-
ED LAYER
in./hr.
AV
AI
LA
BL
E
WATER
CAPA
CITY
l
in
./
in
.-
j
NATURAL
FER—
TI
LI
TY
(K)
FAC-
TOR-
REMARKS
  
well
8 mod
.
well
well 8 mod.
well
somewhat
poorly
well 8 mod.
well
well
well
well
8 mod
.
well
well
well 8 mod.
well
well
8 mod
.
well
well
well
well
well
well 8 mod.
well
well
1 well 8 mod.
well
\PPLICABLE
very
poorl
y
 
0.20—2.0
2.5—5.0
0.8—2.5
0.2-2.0
0.8—2.5
5.0-l0.0
0.2~2.0
5.0—10.0
2.5-5.0
0.20
—2.0
5.0—
10;o
6.3—20.0
s.o-
1o.o
2.0
-6.
0
0.6
—2.
0
5.0—10.0
0.8
—2.
5
5.0-
20.0
 
0.08-0.12
 
0.10—0.12
0.08—0.12
0.10—0.12
0.12—0.16
0.04—0.10
0.08
—0.1
2
0.0h
-0.0
8
0.08
-0.1
2
0.10
-0.1
2
0.04—0.10
0.04-0.10
0.04—0.06
0.02-0.16
0.14
0.02—0.10
0.08
—0.1
6
0.50
.32
mediu
m
.24 low
.32
mediu
m
.32
mediu
m
.32
medium
.1
7
.3
2
lo
w
medium
.17
low
.24 low
.32
mediu
m
.17 104
.17
.17
.24
low
l
o
w
med
ium
.32
medium
.24
lo
w
.37
med
ium
.17
low
 
 
2/
[rag
ipan
—
2
/
Erag
ipan
—
2
/
fr
ag
ip
an
‘
fra
gip
ang
/
2
/
fr
ag
ip
an
—
fragi
panZ/
fragipanz/
   
 Table 29 Co
nt'd.
SOIL
ASS
OCI
—
ATION
NUM
BER
SOIL ASSOCIATION DESCRIPTION
MAJOR
SOIL
SERIES
 
SOIL TEXTURE
 
SOIL
SUB
SOIL
1
3
16
1
7
18
1
0
0
19
2
0
  
Michi
gan
(con
tinu
ed)
Gently sloping to steep (3-252 slope), medium to
moderately coarse textu
red, well and moderate
ly
well drained
, medium ac
id soils fo
rmed on mora
ines
and till
plains.
Nearly level to rolling (O-IZZ slope), fine
textured, we
ll to poorl
y drained, m
edium to
slightly acid soils fo
rmed on lake plains.
Nearly level (0-21 slop
e), moderately fine
textured, poorly to very
poorly drained, medium
to slightly acid minera
l soils formed on lake
plain
Areas of organic soils are included.
Gently slop
ing to slop
ing (3-122 s
lope), mediu
m
to fine textured, well
and moderately well
drained, strongly_to s
lightly acid soils on
lake
and till pl
ains and mor
aines.
Nearly level to sloping (0—122 slope), medium
textured, well to somewhat poorly drained, medium
acid to neutral soils formed on till plains and
moraines.
Nearly level to gently sloping (0-6Z slope),
coarse to moderately fine textured, somewhat
poorly to very poorly drained, medium acid to
neutral soils formed on outwash and till plains
and moraines.
'Bergland
 
IronRiver
Gogebic
Rock
Knobs
Ontonagon
Pickford
Pickford
Org
ani
c
Hatton.
Ontonagon
Bohemian
Nester
Kawkawlin
Selkirk
Sims
Kawkawlin
Capac
Iosco
loam
silty clay
silty clay
loam
si.cl.loam
clay
muck
silt loam
silt loam
loam
loam
silt loam
clay loam
loam
loam
loamy sand
 
sandy loaﬁ sandy loa
silty clay
sandy loam
clay
clay
clay
clay
muck
clay loam
clay
loam, silt
loam, si.c
loam
si.cl.loam
clay loam
cl
ay
si.cl
.loam
clay
loam
clay loam
sand
SUB
STRATA
NATURAL
SOIL
DRAINAGE
PER
HE—
ABILITY
0F MOST
RESTRICT—
ED LAYER
in./hr.
AVAILABLE
WATER
CAPACITY
in. /in.}-/
(
K
)
FAC—
TOR
NATURAL
FE
R—
TILTTY REMARKS
  
 
sandy
load
sandy loam well & mod.
NOT
clay
clay
clay
clay
muck
clay loam
clay
silt, fi.
sand, cL
si.cl.loam well & mod.
clay loam
clay
clay loam
clay loam
loam
si.cl.loa
ﬁPPLICABLE
1?
well
 
well 8 mod.
well
well
well 5 mod.
well
poorly
poorly
poorly
very poorly
well & mod.
well
well 8 mod.
well
well
8 mod
.
well
somewhat
poorly
some
what
poorly
poorly 6
very poorly
some
what
poorly
somewhat
poorly
somewhat
poorly
 
0.2—2.0
0.2-2.0
0.05—0.2
0.06
0.06
0.
06
5.0-
20.0
0.2-0.8
0.05-0.2
0.2-2.0
0.2-0.6
0.2-0.6
0.06—0.20
0.06-0.20
0.2-0.6
0.6—
0.20
6.3-
20.0
 
0.10—0.18
0.08-0.12
0.16-0.18
0.16—0.18
0.16
-0.1
8
0.16-0.18
0.50
0.16-0.18
0.16
0.16—0.18
0.16-0.18
0.16-0.18
-0.16-0.20
0.16-0.18
0.16-0.18
0.16-0.18
0.10—0.18
 
.32
.32
.
4
9
.
.49
.49
.17
.43
.3
2
.43
.3
7
.3
7
.3
7
.23
2
/
me
di
um
fr
ag
ip
an
~
2/
medium
fragipan
*
high
high
hi
gh
high
lo
w
high
high‘
hi
gh
high
high
high
high
high
hi
gh
low
     
Table 29 Cont'd.
 
SOIL
ATION
NUMBER
ASSOCI-
SOIL TEXTURE
 
 
MAJOR
SOIL
SERIES
TOP
SOIL ASSOCIATION DESCRIPTION
SOIL
SUB
SOIL
SUB
EIRATA
 
2
2
2
3
2
5
1
0
1
2
6
2
7
2
8
Mic
hig
an
(co
nti
nue
d)
 
Nearly level to moderately steep (O—IBZ slope),
loam
moderately coarse to medium texture, well to very
poorly drained, slightly to very strongly acid
soils formed on till plains and moraines.
Onaway
McBride
Guelph
loam
Orga
nic
muck
Level to gently sloping (0—62 slope), medium to
loam
moderately coarse textured, somewhat poorly to
very poorly drained, slightly acid mineral soils on
till and lake plains. Areas of organic soils are
included.
Angelica
Richter
Organic
muck
Nearly level to gently sloping (0—62 slope), coarse
to moderately fine textured, somewhat poorly to
very poorly drained, medium acid to neutral
mineral soils formed on lake, outwash and till
plains and moraines.
Brevort
Ios
co
Sims
Organic
muck
Montcalm
Kalkaska
Emmet
sandy
(undulating)
Nearly level to gently undulating (0—122 slope),
coarse t6 mederately coarse textured, well and
moderately well drained, strongly to medium acid
soils formed on lake, outwash and till plains,
drumlins, moraines and dunes.
loamy
loamy
Montcalm
lKalkaska
Emmet
(hilly)
Rubicon
Nearly level to hilly (0-182 slope), coarse to
moderately coarse textured, well and moderately
well drained, strongly to medium acid soils
formed on lake, outwash and till plains, drumlins,
moraines and dunes.
loamy
loamy
san
dy
Nearly level to sloping (0-121 slope), coarse
textured, well drained, medium to strongly acid
soils formed on outwash and lake plains.
loamy
Grayling loamy
  
sandy loam
sandy loam
loamy sand
loamy sand
clay loam
sand
sa
nd
loam
sand
sa
nd
loam
sand
sand
clay loam
‘sa.cl.loam
clay loam
muck
sa.cl.loam
sandy loam
muck
sand
sa
nd
si.c1
.loam
muck
loamy sand
sand
i
sa.cl.loam
loamy sand
sand
I
loam
sand
sand
  
silt loam
sandy 10a
lo
am
muck
loam
loamy
sand
muck
silt loam
si.cl.loam
clay loam
muck
sand
sand
sandy loam
sa
nd
sand
sandy loam
sand
sa
nd
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l
in./in.—
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TOR
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T1L
1rr
REHARK§H~.M
 
wel
l &
mod.
0.2
-0.
8
well
well
well 5 mod.
well
very
poorly
0.8-2.5
0.2—0.8
5.0—20.0
poorly
0.2—0.8
somewhat 0.2-2.5
poorly
very poorly 5.0—20.0
poorly &
6.3-20.0
very poorly
6.3-20.0
poorly
poorly &
0.06-0.20
very poorly
S.0—20.0
5.0—10.0
5.0-10.0
0.8-2.5
very poorly
well
well
well & mod.
well
we
ll
well 5 mod.
p.0-1o.o
5.0—1o.o
0.6—2.0
well
well
5.3-20.0
5.0-10.0
  
0.16—0.18
0.10—0.16
0.16—0.20
0.50
0.16-0.20
0.10-0.12
0.50
0.10-0.12
0.10
-0.1
8
0.16—0.18
0.50
0.4-0.10
0.04-0.10
0.10-0.16
0.4-0.10
0.4—0.10
0.12-0.16
0.04-0.1C
0.08—0.04
.32
.32
.37
.17
.32
.24
.17
.23
.23
.49
.17
.24
.17
.28
.24
.17
.2
8
.17
.17
  
high
medium
high
lo
w
high
medium
low
low
low
high
high
low
low
low
low
low
low
low
low
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Michigan (continued)
29
Nearly level to gently sloping
(0—62 slope), coarse Roscommon sand
sand
sand
poorly &
6.3—20.0
0'04'0-06
.17
low
textured, somewhat poorly to very poorly drained,
very poorly
Strongly to Slightly said mineral 80115 formed on
AuGres
sand
sand
sand
somewhat
6.3-20.0
0.06—0.04
.17
low
outwash, lake and till plains.
poorly
Organic
muck
muck
muck
very poorly 5.0-20.0
0.50
.17
low
30
Nearly level to steep (0—252 slope), moderately
Longrie
sandy loam sandy load limestone
well & mod. 0.8—2.5
0.14—0.16
.32
medium
coarse to medium textured, well and moderately
bedrock
well
bedrock
well
43
Nearly level (0—22 slope), organic soils, very
- Organic
muck
muck
muck
very poorly 5.0-20.0
0.50
.17
low
poorly drained, extremely to slightly acid soils
formed in depressions in lake, till and outwash
plains and moraines.
St. Ignace sandy load sandy loaw limestone
well a mod. 0.6—2.0
0.14~0.l6
.32
medium
1
0
2
             
3/
pragipan - A loamy sub surface layer with
Inches (in)
CentimetErs (cm)
2.54
restricted permeability
1/ Expressed as a ratio - same in metric form
To Convert From
To
Multiply By
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0
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1
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7
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0
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4
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2
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0
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4
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4
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0
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7
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3
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3
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0
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0
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0
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0
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59
0
Es
ca
na
ba
Ri
ve
r
at
19
50
-7
3
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0
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5
4,
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0
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1
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5
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r
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3
355
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747
27
319
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Merritt, Michigan
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5
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3—7
3
1,
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0
97
6
3,8
69
316
1,
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4
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_
Evart, Michigan
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0
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0—7
3
2,3
50
1,9
28
5,8
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595
2,6
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1,1
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Newaygo, Michigan
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Ri
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39
-7
3
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1,
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0
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8
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0
315
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Ri
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6
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Sherman, Michigan
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52
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3
251
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0
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6
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233
Hoxeyville, Michigan
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0
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r
195
2-7
3
1,7
80
1,9
78
4,0
00
1,3
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2,2
83
1,6
44
Manistee, Michigan
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0
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Reservoir sites exist in Planning Subarea 2.4 that are also included
in surface water hydrology. There are five larger sites more than 200
hectares (500 acres) and over 100 smaller sites, less than 200 hectares
(500 acres) now existing. The larger reservoirs combine for a surface
area of over 3,600 hectares (9,000 acres).
Ground Water
Planning Subarea 2.4 has relatively minor ground water problems,
mainly a few lowayield or poor~quality areas.
There is locally a poor potential for large volume ground water
development from glacial—drift aquifers in the Upper Peninsula part
because of the large areas of lake and till—plain deposits. These deposits
are fine—grained and have relatively low permeability and thus the water—
bearing zones provide low well yields. However, the bedrock is at or
near the land surface and is capable of producing moderate yields.
Local chemical—quality problems exist in the area. Solid—waste
disposal in land fills is practiced in many towns. This type of
disposal has recently been shown to cause ground water contamination under
certain conditions. Solid and liquid wastes are disposed of by paper
companies. Past incidents of ground water contamination caused bysuch
waste—disposal methods have been reported. The disposal of liquid waste
requires the most care to prevent ground water contamination.
The operation of brine and salt wells, generally in Manistee,
Mason, and Muskegon Counties, has caused ground water contamination.
There are about 100 brine wells and about 20 salt wells in this area. Some
public water supply wells at Manistee have been contaminated by wastes
from these wells. Regulations to prevent pollution are in force, but
the brine and salt wells have not always been preperly operated and spillage
has occurred. Currently, the Michigan Water Resources Commission has
issued orders to prevent further pollution and to clean up theexisting
situation.
A recent impetus to oil-test drilling in the northwestern part
of the Lower Peninsula has created a renewal of public interest in the
potential of ground water contamination by this industry. Accidental or
improper disposal of oil-field brines poses the most serious threat.
In the Upper Peninsula the water in the unconsolidated aquifers
is generally of good quality, except that much of it is hard and in many
places it is high in iron content. Locally it can contain high chlorides.
In the bedrock aquifers, the water is generally hard, sometimes has a high
iron content, and in places is high in calcium Sulfates derived from
gyp
sum
.
Sal
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and
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Ordovician rocks in the Upper Peninsula.
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 Table 31
GENERAL STRATIGRAPHY AND MAJOR AQUIFER SYSTEMS IN PLANNING SUBAREA 2.4(9)
Thick-
Era Sys ten Group Formation out
(It.)
Insult:
 
   
 
  
RIVER BASIN (100? Lb
c an e n
    
    
 
Pennsylvanian
Sandstone, shale, and coal.
    
Mississippian Grand Rapids Limestone, chale, and gypsm.
Marshall Sandstone and salty water.
    
 
   
    
    
 
   
Goldwater
-7.....
Ellsworth
Shale . Sane gal.
   
- ....7----
Devonian
    
tone 8
  
0415 Limestone. 011, gas, and
0-1600
50-100
 
Detroit River Carbonates, sandstone, salt,“
anhydriter. Oil, gas, and
   
  
Bola 0-950 ‘30 te. 01 . gal,
  
   
   
Silurian Bun Is Dolomite. saline
nnauealmmsLﬂmnuaha
  
  
    
   
  
Paleozoic Silurian o-
     
 
Dolomite and mun which have
 
 
 
"Hookinac
breccia“ Sandstone, shale, and salt
    
ina 50-500
Carbonatea .
  
   
Dolomite and shale. Saline
water in Schoolcraft and
Cataract
   
Ordovician Ri
   
Limestone. Saline, in part.
   
  
00-200 20-1200
 
Cambrian 50-500 20-100
1 Range 18 that of high-capacity wells.
Range is that of all wells.
To Convert From 23 MultiElZ BX
Feet (ft) Meters (m) 0.3048
Gallons
(gal)
Liters
(1)
3.785
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Table 32
CHE
MIC
AL
QUA
LIT
Y
CHA
RAC
TER
IST
ICS
OF
THE
MAJ
OR
AQU
IFE
RS
IN
PLA
NNI
NG
SUB
ARE
A
2.4
(9)
Tot-l
unsolved Taper-
Aqu
ife
r o
nto
-
llr
dno
n
Sul
flt
.
Chl
ori
de
Iro
n
sol
id:
otu
ro
Ra
nk
s
(Is/l) (Is/l) (Io/1) (no/1) (Ia/1) (‘7)
lWN
Michigan (Lower Peninsula)
Qua
ter
nar
y
125
-40
0
5-1
00
0-5
0
0-1
150
-50
0
46-
50
Pen
nsy
lva
nia
n
---
-"
---
"'
---
---
Unk
now
n.
Mis
sis
sip
pla
n
200
-75
0
20-
150
5-1
100
0.2
-1]
.
630
-78
0
50
Sal
ine
wat
er
in
sou
the
rn
and
(Ma
rsh
all
)
wes
ter
n p
art
.
Dev
oni
an
185
-19
5
4-9
1-2
0-0
.9
200
-22
5
45
Sal
ine
wat
er
in
mos
t o
f a
rea
.
Hichigan {bar Peninsula}
Qua
ter
nar
y
60-
400
1-5
0
0-2
00
0-5
100
-60
0
44-
48
Sil
uri
an
100
-70
0
5—5
00
0-1
20
0-5
200
-90
0
44-
49
Sal
ine
wat
er
in
sou
the
rn
par
t o
f
(Bu
rnt
Blu
ff-
Hac
kin
lc
Cou
nty
.
In: 25 lands)
Cab
rin
n-O
rdo
vlc
lon
150
-30
0
15-
75
5-2
00
0-3
200
-50
0
47-
50
mini-Trenton)
Hydrographs of observation wells in the unconsolidated aquifers
show
no a
dver
se e
ffec
ts.
Ther
e ar
e no
long
—ter
m ob
serv
atio
n we
lls
in t
he
bedrock aquifers.
 
Ve
ge
ta
ti
on
an
d
Wi
ld
li
fe
Ha
bi
ta
t
The
nor
the
rn
hal
f o
f t
he
Low
er
Pen
ins
ula
in
Pla
nni
ng
Sub
are
a 2
.4
is
nea
rly
ide
nti
cal
to
the
Upp
er
Pen
ins
ula
in
hab
ita
t a
nd
spe
cie
s d
ive
rsi
ty.
Whi
te-
tai
led
dee
r a
nd
tur
key
pop
ula
tio
ns
are
in
bet
ter
sha
pe
her
e,
how
eve
r,
a.
whi
ch
is
pro
bab
ly
due
to
sli
ght
ly
bet
ter
hab
ita
t.
For
est
suc
ces
sio
n
5.
cha
nge
s h
ave
not
bee
n q
uit
e a
s d
etr
ime
nta
l h
ere
as
fur
the
r n
ort
h.
Sma
ll
gam
e p
opu
lat
ion
s a
re
gen
era
lly
of
med
ium
den
sit
y w
ith
ruf
fed
gro
use
,3
inc
rea
sin
g h
ere
as
els
ewh
ere
in
the
bas
in.
Woo
dco
ck
are
als
o o
n t
he
5'
inc
rea
se
her
e,
but
sin
ce
the
y a
re
mig
rat
ory
it
is
dif
fic
ult
to
rel
ate
L density to local habitat conditions.
Most
furb
eare
rs a
re d
oing
well
exce
pt
in a
reas
of m
arsh
drai
nage
and
othe
r ha
bita
t di
stur
banc
es.
Even
thou
gh t
he h
abit
at e
xist
s,
the
Cana
da
lynx
has
not
yet
foun
d it
s wa
y so
uth
acro
ss t
he S
trai
ts o
f Ma
ckin
ac a
nd
has
not
re—e
stab
lish
ed h
imse
lf.
Bobc
at n
umbe
rs a
re l
ow-t
o—ab
sent
, wh
ich
ma
y
in
di
ca
te
th
at
wh
il
e
ca
t
ha
bi
ta
t
ex
is
ts
,
th
er
e
ar
e
ot
he
r
li
mi
ti
ng
fact
ors
such
as a
n in
adeq
uate
food
supp
ly.
Popu
lati
ons
of t
he s
nows
hoe
31
har
e,
a p
rim
e p
rey
spe
cie
s f
or
bot
h l
ynx
and
bob
cat
, a
re
als
o l
ow—
to-
abse
nt.
Like
many
othe
r wi
ldli
fe p
rey
spec
ies
the
hare
is h
ighl
y cy
clic
.
Wood
ed s
wamp
s ar
e pr
efer
red
habi
tat
and
are
esse
ntia
l du
ring
lows
in t
he
cycl
e.
Thus
drai
nage
of t
hese
wetl
ands
can
be v
ery
detr
imen
tal
to t
his
animal and other members of the food chain which depend upon this type
of h
abit
at.
Fore
stry
prac
tice
s ha
ve e
ncou
rage
d to
o gr
eat
a co
mpon
ent
of c
onif
ers.
Open
area
s ha
ve b
een
regu
larl
y pl
ante
d to
pine
, a
nd f
ores
t
type
s ar
e be
ing
chan
ged
thro
ugh
long
er h
arve
st
rota
tion
.
The
decr
ease
in q
uali
ty h
abit
at f
or d
eer
and
othe
r fo
rest
game
need
s to
be r
ever
sed
since these animals are decreasing in density in many areas.
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 Demographic and Economic Characteristics
Population
Population in the Planning Subarea 2.4 increased from approximately
368,700 in 1940 to about 496,500 in 1970. In the thirty years from 1940 to
1970 employment rose from 110,700 to 171,900, about 1.5 percent of the Basin
total, and the labor participation rate rose from 30 percent to 34 percent.
Manufacturing related employment amounted to 56,700 in 1970, just under
33 percent of total employment — about 2 percent lower than the Basin average,
but about 8 percent higher than the national average. There were 6,500
employed in agriculture, forestry and fisheries, an area which has declined
steadily in the last thirty years. In 1970 agriculturally related employment
was 3.8 percent of the total, over twice the Basin average but slightly below
the national average.
Resource Use and Development
 
Agriculture is quite specialized. In the northern counties dairy
products, beef, berries, potatoes, and other vegetables are the principal
products. In the counties of the Lower Peninsula, fruit and vegetable
production are major enterprises, and three of the counties are the leaders
in the production of sour cherries nationally. Dairy and livestock production
are also important in the Lower Peninsula. Lumbering was at one time a major
industry in both the Upper and Lower Peninsula portions of the planning
subarea. The current economy in the Upper Peninsula is still largely
related to wood—using industries-—pulp, paper, and wood products—-the same
is true to some extent of the Lower Peninsula. In the Upper Peninsula,
manufacturing is of very little importance, except for a few light industries.
In the Lower Peninsula, some of the former sawmill towns have converted to
general manufacturing and provide a wholesale—retail trade base. Recreation
is an important part of the economy of the entire planning subarea.
Table 33
POPULATION DATA BY COUNTY<10>
Land
Number Percent Areas
TOTAL POPULATION Urban Urban Sq H1
County
Name
1940
1950
1960
1970
1970
1970
1970
Manning Subarea 2.4 368,684 410,465 4_5_2_,_8_§4 496,540 209,626 _4_2_,_0_ 12,696
§i_c_higan 368,684 £0,465 452,8}ﬁ 4_9§J§_1Q 209,626 42.2 12,696
Antrim 10,964 10,721 10,373 12,612 - - 476
Benzie 7,800 8.306 7,834 8,593 - - 316
Charlevoix 13,031 13,475 13,421 16,541 6,488 39.2 414
Delta 34,037 32,913 34,298 35,924 20,605 57.4 1,177
Emmet 15,791 16,534 15,904 18,331 6,342 34.6 -461
Grand Traverse 23,390 28,598 33,490 39,175 18,048 46.1 462
Kalkaska 5,159 4,597 4,382 5,272 - - 566
Lake 4,798 5,257 5,338 5,66]. - - 571
Leelanau 8,436 8,647 9,321 10,872 — - 34S
Mackinac 9,438 9,287 10,853 9,660 2,892 29.9 1,014
Manistee 18,450 18,524 19,042 20,094 7,723 38.4 553
Mason 19,378 20,474 21,929 22,612 9,021 39.9 490
Mecosta 16,902 18,968 21,051 27,992 11,995 42.9 560
Hissaukee 8,034 7,458 6,784 7,126 - - 565
Huskegon 94,501 121,545 149,943 157,426 108,733 69.1 501
Newaygo 18,286 21,567 24,160 27,992 3,465 12.4 849
Oceana 14,812 16,105 16,547 17,984 - — 536
Osceola 13,309 13,797 13.595 14.838 — - 581
Roscomon 3,668 5,916 7.200 9.892 - - 521
Schoolcrnft 9,524 9,148 8,953 8.226 4,324 52.6 1,101
“oxford 17.976 18,628 18,466 19,717 9,990 50.7 599
to Convert Pro; 19. Hung}: 51
Square Hun (sq .1) Square Kilo-curl (sq kl) 2.59
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Table 34
(11)
Crop
Wheat
Oats
Rye
Barley
Misc. Small Grains
Corn for Grain
Corn Silage
Soybean
Dry E.D. Beans
Sugar Beets
Potaoes
Fruits
Comm. Vegetables
Comm. Sod
Alfalfa Hay
Clover & Timothy Hay
Cropland Pasture
Idle Cropland
Total Cropland
Improved Pasture
Improvable Pasture
N. Improv. Pasture
Total Pasture
Total Ag. Land—
y
3/
3/
To
ta
ls
ma
y
no
t
ad
d
du
e
to
ro
un
di
ng
Me
as
ur
em
en
t
is
in
th
ou
sa
nd
s
of
ac
re
s
or
he
ct
ar
es
Current Normalél
Acresg/
w
t
»
\
I
U
‘
I
U
I
N
U
'
I
O
‘
J
-
‘
O
O
U
‘
I
O
U
:
U
I
-
l
-
‘
N
N
W
¥
D
U
1
H
B
J
£
~
P
J
c
>
u
1
u
1
o
a
c
>
u
>
c
>
c
>
211.3
67.6
52.7
766.2
1481.5
83.3
268.2
351.5
1833.3
2
Hectare9*
Cu
rr
en
t
no
rm
al
re
pr
es
en
ts
pr
es
en
t
yi
el
d
es
ti
ma
te
s
ba
se
d
on 1958-1972 averages
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 Table 35
POPULATION, EMPLOYMENT, PERSONAL INCOME, AND EARNINGS BY INDUSTRY IN 1970
PLANNING SUBAREA 2.4(11)
1970
Population, midyear 497,885
Per capita income (l967$) 2 808
Per capita income Rel. (U.S.=l.00) ,.81
Total Employment 171,399
Employment/population ratio .35
(in 100 of l967$)
Total personal income 1,397,328
Total earnings 1,027,534
Agriculture, forestry and fisheries 31,1483
Agriculture _
Forestry and fisheries _
Mining 1,492d
Metal _
Coal _
Crude petroleum and natural gas _
Nonmetallic, except fuels _
Contract construction 62,536
Manufacturing 374,7603
Food and kindred products -
Textile mill products —
Apparel and other fabric products —
Lumber products and furniture —
Paper and allied products —
Printing and publishing —
Chemicals and allied products ' —
Petroleum refining _
Primary metals -
Fabricated metals and ordance —
Machinery, excluding electrical -
Motor vehicles and equipment —
Transportation equip., excl. mtr. vehs. —
Other manufacturing —
Trans., comm. and public utilities 63,5253
Wholesale and retail trade 157,962
Finance, insurance and real estate 25,817a
Services 130,850
Government 160,510
Federal government 16,579
State and local government 136,030
Armed forces 7,901
a — represents 80;0 to 99.9 percent of the true value
d - represents 20.0 to 39.9 percent of the true value
115
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Land Use Forecasts, 1975
MAJOR LAND USES
INTRODUCTION
In 1972 the governments of Canada and the United States upon signing
the
Grea
t La
kes
Wate
r Qu
alit
y Ag
reem
ent
requ
este
d th
at t
he I
nter
nati
onal
Join
t Co
mmis
sion
(IJC
) in
vest
igat
e po
llut
ion
of t
he b
ound
ary
wate
rs
of t
he
Grea
t La
kes
syst
em f
rom
agri
cult
ure,
fore
stry
and
othe
r l
and
use
acti
vi-
ties
.
In 1
973
the
IJC
char
ged
its
Refe
renc
e Gr
oup
on G
reat
Lake
s Po
llu-
tio
n f
rom
Lan
d U
se
Act
ivi
tie
s w
ith
the
res
pon
sib
ili
ty
of
obt
ain
ing
a l
and
use
inv
ent
ory
of
the
Gre
at
Lak
es
Bas
in.
The
Env
iro
nme
nta
l P
rot
ect
ion
Age
ncy
con
tra
cte
d w
ith
Pur
due
Uni
ver
sit
y/L
abo
rat
ory
for
App
lic
ati
ons
of
Rem
ote
Sen
sin
g (
LARS
) t
o p
rep
are
, f
or
the
Ref
ere
nce
Gro
up,
a c
urr
ent
lan
d
use
inv
ent
ory
of
the
34,
000
,00
0 h
ect
are
s (
84,
000
,00
0 a
cre
s)
inc
lud
ed
wit
hin
the
U.S
. p
ort
ion
of
the
Gre
at
Lak
es
Bas
in.
The
res
ult
s o
f t
his
inv
ent
ory
wil
l b
e u
sed
to
det
erm
ine
the
con
tri
but
ion
to
the
pol
lut
ion
of
the Great Lakes from land use activities.
Thi
s r
epo
rt
con
tai
ns
the
inv
ent
ory
inf
orm
ati
on
col
lec
ted
by
cou
nty
for
the
Lak
e
Mic
hig
an
bas
in.
A d
eta
ile
d d
isc
uss
ion
of
the
prO
Ced
ure
s
use
d
to
obt
ain
the
se
res
ult
s
is
con
tai
ned
in
Vol
ume
I -
Gre
at
Lak
es
Bas
in
Report.
Approach
LA
ND
SA
T
mu
lt
is
pe
ct
ra
l
sc
an
ne
r
da
ta
,
co
ll
ec
te
d
fr
om
th
e
197
2
an
d
19
73
gr
ow
in
g
se
as
on
s
we
re
us
ed
as
th
e
pr
im
e
da
ta
so
ur
ce
for
an
al
ys
is
.
Th
es
e
LA
ND
SA
T
MS
S
da
ta
we
re
an
al
yz
ed
by
co
mp
ut
er
-i
mp
le
me
nt
ed
pa
tt
er
n
re
co
gn
it
io
n
te
ch
ni
qu
es
to
pr
od
uc
e
sp
ec
tr
al
ly
se
pa
ra
bl
e
cl
as
se
s
wh
ic
h
we
re
th
en
re
la
te
d
to
th
e
la
nd
us
e
ca
te
go
ri
es
li
st
ed
in
Ta
bl
e
36
-
Results
Re
su
lt
s
of
th
e
la
nd
us
e
in
ve
nt
or
y
ar
e
re
po
rt
ed
in
two
fo
rm
s:
ge
om
et
ri
~
ca
ll
y
co
rr
ec
t
co
lo
r-
co
de
d
ma
ps
an
d
st
at
is
ti
ca
l
ta
bl
es
.
In
di
vi
du
al
ge
om
et
-
ri
ca
ll
y
co
rr
ec
t
co
un
ty
ma
ps
we
re
pr
od
uc
ed
wi
th
ea
ch
of
th
e
Le
ve
l
I
la
nd
us
e
ca
te
go
ri
es
re
pr
es
en
te
d
by
a
de
si
gn
at
ed
co
lo
r.
St
at
is
ti
ca
l
ta
bl
es
of
ea
ch
co
un
ty
we
re
co
mp
il
ed
wh
ic
h
in
cl
ud
e
bo
th
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im
ar
y
an
d
se
co
nd
ar
y
le
ve
ls
of
la
nd
us
e
wi
th
ea
ch
ca
te
go
ry
re
po
rt
ed
as
1)
pe
rc
en
ta
ge
of
th
e
co
un
ty
ar
ea
,
2)
th
e
nu
mb
er
of
he
ct
ar
es
an
d
3)
th
e
nu
mb
er
of
ac
re
s
pr
es
en
t
in
ea
ch
county.
 
    
Table 36
L
A
N
D
U
S
E
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E
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e
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e
l
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e
v
e
l
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r
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a
n
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e
s
i
d
e
n
t
i
a
l
Commercial/Industrial
A
g
r
i
c
u
l
t
u
r
e
R
o
w
C
r
o
p
s
Close Grown Crops
Pasture and Meadows
F
o
r
e
s
t
F
o
r
e
s
t
. 1/
N
o
M
a
j
o
r
U
s
a
g
e
-
w
a
t
e
r
Wetlands
l/
Th
e
re
si
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al
in
la
nd
ar
ea
no
t
de
vo
te
d
to
ur
ba
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ag
ri
cu
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ur
al
or
fo
re
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us
e.
L
A
N
D
U
S
E
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V
E
N
T
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R
Y
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D
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E
S
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Th
e
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La
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si
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st
ud
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e
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p
l
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n
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g
s
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T
a
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l
e
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di
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LA
ND
SA
T
da
ta
,
ae
ri
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ot
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wa
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de
rf
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gh
t
re
fe
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e
da
ta
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Th
is
co
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te
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70
mm
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lo
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at
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)
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Table 37
LANDSAT
DATA
UTILIZED
IN THE LAKE
MICHIGAN BASIN
 
Planning Subarea 2.1
Michigan
Dickinson
Iron
Menominee
Wisconsin
Brown
Calumet
Door
Florence
Fond du Lac
Forest
Green Lake
Kewaunee
Langlade
Manitowac
Marinette North
South
Marquette
Menominee
Oconto
Outagamie
Shawano
Sheboygan
waupaca
Waushara
Winnebago
Planning Subarea 2.2
Illinois
Cook
DuPage
Kane
Lake
McHenry
Will
Indiana
Lake
LaPorte
Porter
Starke
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Scene ID
1036—16140
1036-16140
1036-16143
1323-16094
1323-16094
1297-15243
1416-16260
1323-16100
1416-16260
1036-16145
1297-15243
1416—16260
1297-15243
1089-16090
1323-16094
1036-16145
1416-16260
1416-16260
1036-16145
1416-16260
1323-16100
1036-16145
1036-16145
1036-16145
1322-16045
1322-16045
1359-16100
1322-16045
1359-16100
1322-16045
1322—16045
1322-16045
1322-16045
1321-15590
Date
8/28/72
8/28/72
8/28/72
6/11/73
6/11/73
5/16/73
9/12/73
6/11/73
9/12/73
8/28/72
5/16/73
9/12/73
5/16/73
10/20/72
6/11/73
8/28/72
9/12/73
9/12/73
8/28/72
9/12/73
6/11/73
8/28/72
8/28/72
8/28/72
6/10/73
6/10/73
7/17/73
6/10/73
7/17/73
6/10/73
6/10/73
6/10/73
6/10/73
6/09/73
5
:
3
2
:
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z
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Table 37 Cont'd.
Pl
an
ni
ng
Su
ba
re
a
2.
2,
Co
nt
in
ue
d
Wisconsin
Kenosha
Milwaukee
Ozaukee
Racine
Walworth
Washington
Waukesha
Planning Subarea 2.3
Indiana
Elkhart
LaGrange
Marshall
Noble
St. Joseph
Steuben
Michigan
Allegan
Barry
Berrien
Branch
Calhoun
Cass
Clinton
Eaton
Hillsdale
Ingham
Ionia
Jackson
Kalamazoo
Kent
Montcalm
Ottawa
St. Joseph
Shiawassee
Van Buren
Planning Subarea 2.4
Michigan
Antrim
Benzie
Charlevoix
Islands
120
Scene ID
1323-16100
1323-16100
1323-16100
1323-16100
1323-16100
1323-16100
1323-16100
1321-15590
1321-15590
1321-15590
1320-15532
1321-15590
1320-15532
1321-15584
1321—15584
1321-15590
1320-15532
1320-15532
1321-15590
1320-15525
1320-15525
1320-15532
1320-15525
1321-15584
1320-15532
1321-15590
1321-15584
1321—15584
1321-15584
1321-15590
1320-15525
1321-15590
1321-15581
1322-16040
1321-15581
1321—15575
Date
6/11/73
6/11/73
6/11/73
6/11/73
6/11/73
6/11/73
6/11/73
6/09/73
6/09/73
6/09/73
6/08/73
6/09/73
6/08/73
6/09/73
6/09/73
6/09/73
6/08/73
6/08/73
6/09/73
6/08/73
6/08/73
6/08/73
6/08/73
6/09/73
6/08/73
6/09/73
6/09/73
6/09/73
6/09/73
6/09/73
6/08/73
6/09/73
6/09/73
6/10/73
6/09/73
6/09/73
 
Table 37 Cont'd. Scene ID Date
Planning Subarea 2.4 Cont'd.
 
Michigan
Delta
East
1286-16035
5/05/73
West
1089-16090
10/20/72
Emmet
1321-15575
6/09/73
Gr. Traverse
1321-15581
6/09/73
Kalkaska
1321-15581
6/09/73
Lake
1321-15584
6/09/73
Leelanau
1321-15581
6/09/73
Mackinac East
1303-15580
5/22/73
West
1286-16035
5/05/73
Manistee 1321-15584 6/09/73
Mason 1321-15584 6/09/73
Mecosta 1321-15584 6/09/73
Missaukee 1321-15584 6/09/73
Muskegon 1321-15584 6/09/73
Newaygo 1321-15584 6/09/73
Oceana 1321—15584 6/09/73
Osceola 1321-15581 6/09/73
Roscommon 1321-15581 6/09/73
Schoolcraft 1286-16035 5/05/73
Wexford 1321-15584 6/09/73
Analysis
Since the results of this project were to be presented at the county
level, this dictated that several rather small analysis tasks be performed
as opposed to a few tasks covering large areas. In order to standardize
the analysis procedures, a comprehensive proceduresdocument was prepared.
This document was concerned with the areas of data preprocessing, analysis
and results and is summarized in Volume I - Great Lakes Basin Report.
Prior to analysis the 191 counties were divided into two categories:
(a) those having underflight reference data available and (b) those having
no underflight reference data. Those counties which had sufficient under-
flight data were analyzed and classified from statistics generated within
the county. The statistics were prepared utilizing the underflight data
and other available reference data to obtain informational classes from
the spectral classes. Counties which did not have underflight data were
classified using the statistics generated from an adjoining or nearest
neighbor county. This procedure assumed that training statistics generated
in one county could be extended over a distance of 90 to 100 kilometers
(50-60 mi). However, it was stipulated that the statistics could not be
extended to areas outside the frame of LANDSAT data from which they were
gene
rate
d.
Tabl
e 38
list
s th
e co
unti
es i
n th
e La
ke M
ichi
gan
basi
n an
d th
e
coun
ties
and/
or c
ount
y fr
om w
hich
the
trai
ning
stat
isti
cs w
ere
gene
rate
d.
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 Table 38
TRAINING
STATISTICS
EXTENSION
FOR
LAKE
MICHIGAN
Planning Subarea 2.1
Michigan
Dickinson
Iron
Menominee
Wisconsin
Brown
Calumet
Door
Florence
Fond du Lac
Forest‘
Green Lake
Kewaunee
Langlade
Manitowac
Marinette
Marquette
Menominee
Oconto
Outagamie
Shawano
Sheboygan
Waupaca
waushara
Winnebago
Planning Subarea 2.2
Illinois
Cook
Du Page
Kane
Lake
McHenry
Will
Indiana
Lake
La Porte
Porter
Starke
123
County Statistics
Derived From
Marquette
Iron
Menominee
Calumet
Calumet
Door
Langlade
Sheboygan
Langlade
Winnebago
Kewaunee
Langlade
Kewaunee
Marinette
Waushara
Shawano
Shawano
Winnebago
Shawano
Sheboygan
waupaca
Waushara
Winnebago
Cook, Lake, Indiana
Cook, Lake, Indiana
Kane
Cook, Lake, Indiana
Kane, McHenry
Cook, Lake, Indiana
Lake, Porter
La Porte
Porter
Elkhart
 
    
Table 38 Cont'd.
Pl
an
ni
ng
Su
ba
re
a
2.
2,
Co
nt
'd
Wisconsin
Kenosha
Milwaukee
Ozaukee
Racine
Walworth
washington
Waukesha
Planning Subarea 2.3
Indiana
Elkhart
La Grange
Marshall
Noble
St. Joseph
Steuben
Michigan
Allegan
Barry
Berrien
Branch
Calhoun
Cass
Clinton
Eaton
Hillsdale
Ingham
Ionia
Jackson
Kalamazoo
Kent
Montcalm
Ottawa
St. Joseph
Shiawassee
Van Buren
Planning Subarea 2.4
Michigan
Antrim
Benzie
Charlevoix
124
County Statistics
Derived From
Kenosha
Milwaukee
Ozaukee
Racine, Milwaukee
Milwaukee, Kenosha
Ozaukee
Racine
Elkhart
Elkhart
Elkhart
Noble
Elkhart
Hillsdale, Michigan
Barry
Barry
Berrien
Hillsdale
Hillsdale
Elkhart, Indiana
Eaton
Eaton
Hillsdale
Ingham
Montcalm
Hillsdale
Van Buren
Kent
Montcalm
Ottawa
Elkhart, Indiana
Saginaw
Van Buren
Leelanau
Benzie
Cheboygan
 
Table 38 Cont'd. County Statistics
. ' Derived From
Planning Subarea 2.4 Cont d
 
Mic
hig
an
r
Delta Schoolcraft; Alger, West :
Emmet Cheboygan Q
Grand Traverse Leelanau é
Kalkaska Crawford *
Lake Newaygo i
Leelanau Leelanau I
Mackinac Chippewa, Schoolcraft
Manistee Manistee ‘
Mason Osceola J
Mecosta Montcalm ﬂ
Missaukee Manistee ‘m
Muskegon Muskegon
Newaygo Newaygo
Oceana Osceola
Osceola Osceola
Roscommon Roscommon, Crawford
Schoolcraft Schoolcraft
Wexford Newaygo
 
Classification Categories
Tabl
e 39
list
s th
e ca
tego
ries
whic
h c
ould
be r
outi
nely
iden
tifi
ed a
nd
inventoried taking into consideration the variability in dates of data
collection and the limited amount of underflight reference data available.
Table 39
FINAL LAND USE CLASSIFICATION CATEGORIES
Level I Level II
Urban
Residential
Commercial/Industrial
Agricultural
Row Crops
Close Grown Crops
Pasture
Forest
I 1/ Forest
No Major Use"
Water
Wetland
l/
Th
e
re
si
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al
in
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nd
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n,
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lt
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al
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e.
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l
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ac
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t
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da
ta
.
Ho
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ve
r,
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t
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y
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an
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on
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es
,
ex
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ac
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d
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l
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d
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e
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e
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e
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n
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y
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l
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n
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as
si
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e
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a
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t
are
a
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f r
ow
cro
p g
row
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ted
Sta
tes
Dep
art
men
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par
abl
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fig
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,
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y S
RS.
Thu
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er
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on
all
owe
d f
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ect
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ssi
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Gen
era
lly
wit
h a
ll
the
LAN
DSA
T d
ata
, p
ast
ure
/me
ado
w w
as
not
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c-
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lly
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ble
fro
m c
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e g
row
n c
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s.
In
thi
s s
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/
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/cl
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e/m
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Thi
s a
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fic
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tio
n o
f c
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ses
was
per
for
med
by
sub
tra
cti
ng
3
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the
area
of
close
grown
crops
(wheat,
oats,
and
barley)
as
reported
by
the
USDA/SR8
from
the
total
area
of
pasture/meadow/close
grown
crops
determined
for
each
respective
county
for
the
appropriate
cropping
year.
The
remaining
area
was
tabulated
as
pasture/meadow.
It was
determined
that
orchards
and vineyards
were
not
spectrally
separable
in
the majority
of cases
because
sufficient
underflight
refer-
ence data were not available for adequate training of the computer.
Thus,
this class was deleted.
The orchards and vineyards were included in those
classes most spectrally similar,
i.e.,
forest and pasture/meadow/close
grown crops.
Forest cover was usually classified into Level
II classes such as
coniferous, deciduous, and sparse forest.
However, these classes were
aggregated to yield only a Level I forest class.
In the no major usage category only water and wetland were cate-
gorized. Insufficient underflight reference data precluded the routine
classification of barren land.
Specific Problems
Only minor problems occurred in the Lake Michigan basin. The data
sets generated for seven of the counties in this basin did not cover the
entire county area. The seven counties affected were the following:
Marinette, Florence and Forest County, Wisconsin; Leelanau (Islands) and
Mason County, Michigan; and Noble and Marshall County, Indiana. Gener-
ally, these counties were located at the edge of a LANDSAT frame, and the
entire county was not included in the original data. The missing area
of each county was usually only a few squaremiles. Thus, it was decided
not to produce an additional data set for these small areas. The land use
statistics are reported using the total county acreage. The land use
distribution based upon the major portion of the county was expanded to
include the missing areas.
Some of the LANDSAT data contained a few lines of poor quality data
which were generally classified as either agriculture or water. Also,
a small number of clouds and cloud shadows were present in some of the
LANDSAT scenes. Occasionally the cloud shadows were classified as water.
However, contributions from the poor quality data, clouds, and cloud
shadOWS to the total county figures are relatively small.
Areas classified as clouds and cloud shadows were assumed to contain
the same distribution of land use as the other portions of each individual
county. Land use was estimated by multiplying the acreage classified as
clouds and cloud shadows by the relative percentages obtained for each
resp
ecti
ve
land
use
clas
s in
the
rema
inde
r of
the
coun
ty.
TheS
e es
tima
tes
were
then
adde
d to
each
resp
ecti
ve l
and
use
clas
s to
prod
uce
the
coun
ty
totals.
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RESULTS
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a
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ed
in
thi
s
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is
def
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by
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Reg
ion
(po
lit
ica
l)
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nda
ry
(Fi
gur
e 3
3).
How
eve
r,
at
the
req
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t
of
the
U.S
./E
nvi
ron
men
ta1
Pro
tec
tio
n A
gen
cy
lan
d u
se
wit
hin
Pla
nni
ng
Sub
are
as
1.1
and
2.2
was
als
o
det
erm
ine
d
for
the
Gre
at
Lak
es
Bas
in
(hy
dro
-
log
ic)
bou
nda
ry
of
the
sub
are
as
as
wel
l a
s t
he
Reg
ion
bou
nda
ry.
Thi
s w
as
acc
omp
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hed
by
app
rox
ima
tin
g t
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hyd
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ogi
c b
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y w
ith
in
eac
h c
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ty
by
lin
e a
nd
col
umn
coo
rdi
nat
es
at
the
*PR
INT
RES
ULT
S s
tag
e a
nd
req
ues
tin
g
tha
t n
ew
tab
ula
r
sta
tis
tic
s
be
gen
era
ted
uti
liz
ing
onl
y
the
are
a
con
tai
ned
wit
hin
tho
se
bou
nda
rie
s.
Cou
nty
map
s o
n a
hyd
rol
ogi
c b
oun
dar
y b
asi
s w
ere
not prepared.
Fig
ure
33a
lso
sho
ws
the
rel
ati
ons
hip
of
the
Pla
n A
rea
s
to
the
ent
ire
Gre
at
Lak
es
Reg
ion
.
The
maj
or
lan
d u
ses
for
Lak
e M
ich
iga
n b
asi
n a
nd
the
Gre
at
Lak
es
Reg
ion
are
sho
wn
in
Tab
le
41.
Fig
ure
34
is
a m
ore
det
ail
ed
map of the Lake Michigan basin, Plan Area 2.0.
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County maps for Planning Subarea 2.1 are not included in this volume
due to technical difficulties incurred in the mapping processes.
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nty
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in
5
5
7
4
4
0
225680
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an-
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mer
cia
l-I
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ide
nti
al
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rc is
l
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cu
lt
ur
e
Ro
w
Cr
op
Clo
se
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wn
Cro
p
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For
est
No
Maj
or
Use
Wat
er
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en
d
  
12900
458
20
568
650
40150
129
00
1
8
5
0
43970
40150
 
5
2
2
0
52
20
185
50
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00
230
220
162
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162
50
 
1.9
1
.
9
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85
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6
.
0
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ide
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se
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Cro
p
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For
est
No
Maj
or
Use
Wa
te
r
Wet
lan
d
 
162
80
106
810
418
680
156
70
16
28
0
58
88
0
149
50
32
98
0
156
70
 
6
5
9
0
6590
432
40
23830
133
50
169
500
6340
6
3
4
0
 
2.9
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75
.1
2.8
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Cont.
Acr
es Hectares
Percent
Acres Hectares
Percent
Manitowac County, Wisconsin
378
230
153
120
Menominee County, Wisconsin
233600
945
70
Urban-Comme
rcial-Indus
trial
Residential
Comme
rcial
Agr
icu
ltu
re
Row
Crop
Close C
rown Cr
op
Pasture
Forest
No Major Use
Hat
er
Wet
lan
d
68
50
289950
728
40
8590
6850
552
70
50450
184
230
8590
2770
2770
117
380
223
70
20420
745
80
29480
3470
3470
Urban-Commercial-Industrial
Residential
Commercial
Agricu
lture
Row Crop
Close Grown Crop
Pasture
Forest
No Major Use
wat
er
Wetland
4
1
2
0
7180
209850
12450
4120
4
1
5
0
3030
12450
1660
2900
84950
5040
1660
1680
12
20
50
40
1.8
1.8
3.1
1.8
1.3
89.8
5.3
Marinette County, Visconsin 904320 366120
Oconto County, Wisconsin
648960
262730.
Urban-Commercial-1ndustrie1
Resid
entia
l
Carne
rcial
Agriculture
lav
Crop
Close G
roun Cr
op
Pasture
Forest
lo Maj
or Use
Hat
er
wetland
25
34
0
148460
647360
83160
25340
156
40
11500
121320
14110
69050
10
250
10250
601
00
63
30
4650
49110
262080
33660
5
7
1
0
27950
Urban-Commercial-Industrial
Resid
entia
l
Commercial
Agric
ultur
e
Row Crop
Close Grown Crop
Past
ure
Forest
No Major Use
Water
Wetland
15580
202900
390310
40170
15580
737
70
20200
108930
40170
63
00
82140
158020
16260
63
00
29860
8170
44100
16260
Marquette County, Visconsin
297600 120480 Outagamie County, Wisconsin
407680
165050
Urban-Coale
rcial-Indus
trisl
lesidential
Commercial
Agriculture
low Crop
Close Groin Crop
Past
ure
Forest
Ho Mejor 00¢
altar
12750
151150
127990
57
10
117
10
1040
22170
123580
5710
5160
4
7
4
0
420
61190
8970
2180
500
30
518
10
2310
2310
4.3 Urban-Commercial-Industrial
Residential
Commercial
Agriculture
Row Crop
Close Grown Crop
Pasture
Forest
Ho Major Use
Hater
wet
lan
d
26830
269730
109230
1890
26830
90060
44950
134720
190
1700
108
60
109200
44220
760
108
60
36460
18190
54540
70
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2412
30
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a C
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80
1650
50
Urb
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Cme
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ust
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l
934
0
378
0
1.6
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erc
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-In
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130
50
528
0
3.2
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934
0
378
0
1.6
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50
528
0
3.2
Co
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a r
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'
-
-
-
Co
mm
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-
-
-
Agr
icu
ltu
re
260
280
105
370
43.
7
Agr
icu
ltu
re
246
210
996
80
60.
4
Row
Cro
p
994
90
402
70
16
7
Row
Cro
p
106
230
430
00
'16
1
Clo
se
Gro
wn
Cram
;
356
00
144
10
6.0
Cas
e G
row
n C
rop
645
0
261
0
1.6
Pos
tur
e
125
190
506
80
21
0
Pas
tur
e
133
530
540
60
32
8
For
elt
311
660
126
170
52.
3
For
est
140
410
568
40
34.
4
No
MJo
r U
se
145
70
589
0
2.4
No
Maj
or
Use
801
0
324
0
2.0
Wat
er
145
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589
0
2.4
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0
181
0
1 1
Wet
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d
-
-
-
Wet
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d
352
0
142
0
0.9
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nty
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131
630
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Con
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432
80
175
20
13.
3
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l-I
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269
30
109
00
7.3
i
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nti
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00
156
20
11.
9
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269
30
109
00
7.3
Can
ner
cia
l
468
0
189
0
1.4
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rci
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-
-
-
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120
769
70
58 .
5
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203
360
823
”
55 .
0
Row
Cro
p
305
90
123
80
9 4
Row
Cro
p
134
200
543
30
36
3
C10
0.
Gro
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p
357
00
144
50
11.
0
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Gro
wn
Cro
p
232
00
939
0
6.3
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tur
e
123
820
501
20
38
1
Pas
tur
e
459
60
186
00
12
4
For
est
848
40
343
40
26.
1
For
est
563
10
227
90
15.
2
No
Maj
or
Use
689
0
278
0
2.1
No
Maj
or
Use
833
30
337
30
22.
5
Wat
er
635
0
257
0
2.0
Wat
er
833
30
337
30
22.
5
Het
lan
d
540
210
0.2
Wet
lan
d
-
-
-
Wsu
poc
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ty,
Wis
con
sin
1.8
704
0
197
180
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an-
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l-I
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l
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.62
40
3.2
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nti
al
130
10
526
0
2
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isl
241
0
970
0.
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284
650
115
240
58.
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335
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135
80
6.9
010
0.
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p
216
00
074
0
4.4
‘
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e
229
490
929
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47.
1
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734
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0
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0
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MAJOR LAND USES, PLANNING SUBAREA 2.1 , GREAT LAKES REGION
 
Urban-Comm
ent!:1-Ind
ustria1
Agricultur
e
Forest
No Major Us
e
ei- C
onuer-
Row C
lose
‘
Eut
ial
cinl
s—ub-
t-Q-u
—1
Crop
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n Pa
stur
e
W
Wate
r w
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nd
M
Acres Hectares
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Acres Acres Hectares
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County
Acres A
cres Acre
s Hectares
7. Acres A
cres Acres
Acres Hec
tares Z
I
i
I,
a
m
I
I
‘
'
Dickinson 8
930 I 8930 3610
1.8 1250 29
330 I 30580 12380
6.3 440780 178450
90.3 4450 3590 |
8040 3250 1.6
Iron
14790
3830 : 1
8620
7530
2.4
750 11
8010 : 1
18760
48080 1
5.2 62
0140
251060
79.5 22
650
: 22650
9170
2.9.
Menominee 7160 I 7160 2890 1.1 11020 108590 I 119610 48420 17.9 416180 168490 62.3 7000 118200. 125200 50680 18.7
I
l
I
i
State Total
: 34710 14050 1.8
I 268950 108880 13.9
1477100 598010 76.
3 I 1558
90 63110 8.0
Wig
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ein
:
Iron 20790
'20790 8410 6.1
43360 61520 117450 [
282330 114300 83.4
22390 9060 6.6
13050
Gala: 7730
I 7730 3120 3.1
26370 80010 74540 :
180920 73240 71.9
17610 71.20 7.0
45260
3270 : 3270 1320
1.0 72710 30100 106
460 ‘209270 84720 6
3.1 75390 30520
22.7 43580
Florence 4110 l 4110 1660 1.3 950 19370I 20320 8220 6.4 278570 112780 87.2 16360
16360
6220 5.1
You! In Lei 39790 3590 I 43380 17560 8.9 106440 48150 119110 :353710 143200 72.2 848” 34360 17.3 5230 2400 7630 3080 1.6
f
I
I
I
I
I
I
I
I
Forest 129” I12900 5220 1.9 1850 439701 45820 18550 6.9 568650 230220 85.2 40150 ‘ 40150 16250 6.0
I
I
I
I
I
I
I
I
I
I
I
13050
5280 3.9
45260
18320 18.0
43580 17640 13. 1
B
1
6
7
I
Gran Lake 13630 113630 5510 5.6 94300 12500 37180 I143980 58290 59.5 68650 27790 28.4 122” 3450 15650 6330 6.5
7720 3120 3.6
meme 4020I 4020 1620 1.9 27380 40050 104350 '171780 69540 81.1 28320 11460 13.4 5160 2560
15670 6340 2.8
I
bugle“ 16280 I16280 6590 2.9 58880 14950 32980 I106810 43240 19.2 418680 169500 75.1 15670
8590 3470 2.3
83160 33660 9.2
mum “so : “so 2770 1.3 55270 50450 1842301289950 117380 76.7 72840 29480 19.3 3590
5710 2310 1.9 -:
12450 5040 5.3
‘
Aarinette 25340 I25340 10250 2.8 15640 11500 121320 I148460 60100 16.4 647360 262080 71.6 14110 69050
40170
16260
6.2
Harquctte 11710 1040'12750 5160 4.3 22170 5400 123580 :151150 61190 50.8 127990 51810 43.0 5710
I
Menominee
4120‘ 4120 1660 1.8 4150
3030' 7180 2900 3.1 209850 84950 89.8 12450
Occmto
15580
515580 6300 2.4 73770 20200 108930 1‘202900 82140 31.3 390310 158020 60.1 40170
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1
Wat
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Maj
or
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W
e
t
l
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Acr
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Acr
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Subtotal
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1
W
i
a
c
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n
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e
Sh
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o
Sh
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n
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a
Waua
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Wi
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eb
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o
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9340
386
00
130
10
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50
26930
4680
2410
268
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93
40
432
80
15420
13
05
0
269
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0
37
80
6
.
6
1.
6
175
20
13.
3
6
2
4
0
52
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00
3
.
2
3
.
2
7.
3
900
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99
49
0
30
59
0
335
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62
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00
449
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356
00
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00
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00
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23200
F
.
.
—
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260
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284
650
246
210
203360
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47
20
:
1
2
5
1
9
0
1
1
2
3
8
2
0
:
2294
90.
1335
30:
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0:
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200
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370
769
70
115
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996
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66
.2
4
3
.
7
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.0
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311
660
848
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563
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44220
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343
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52
.3
2
6
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1
37
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4
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4
15
.2
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0
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00
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833
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1
7
0
0
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20
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5
6
0
0
8010
833
30
760
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2780
2260
32
40
33730
0.5
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2.1
1.1
2
.
0
2
2
.
5
St
at
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To
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l
32
56
00
13
18
20 3
.
8
I
x
3
7
6
8
9
3
0
15
25
88
0
44.5
3895
310
1577
040 4
6.
0
75
44
0
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80 5.
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.
.
.
_
.
_
-
_
-
—
.
.
.
—
-
—
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360
310
145
870
3
.
5
I
:4037880 16
34
76
0
38.8
537
241
0 2
1750
60
51
.6
I
|
I
I
|
I
|
|
I
I
I
I4
I
I63l
330
255590 6.1
     
  
 Planning Subarea 2.2
Figure
59
shows
those
counties
contained
in
Planning
Subarea
2.2.
The
major
land
uses
in
Planning
Subarea
2.2
presented
by
county
for
the
Great
Lakes
Region
boundary
are
shown
in
Table
44.
The
results
for
Planning
Subarea
2.2
presented
by
county
for
the
Great
Lakes
Basin
boundary
are
presented
in
Table
45.
Tables
46
and
47
present
the
major
land
uses
for
Planning
Subarea
2.2
(by
state)
for
the
Great
Lakes
Region
and
Basin
boundaries,
respectively.
The
land
use
tabultations
presented
in
these
tables
were
derived
by
LARS
using
1974
state—of-the-art
LANDSAT
analyses
technology.
The
areas
shown may
notmatch
those
in other
tabulations
of
land use
infor-
mation due
to
differences
in procedures
used,
land use
category defini-
tions, or the date of inventory.
The county boundaries and the area classified may not exactly agree
since the area chosen as the county in the LANDSAT data could only be
approximated.
The approximated county boundaries were located using
visible features within the LANDSAT data such as streams, lakes, cities,
major highways, etc.
In a few predominantly rural counties, insufficient reference data
were available to train the computer properly to identify an urban
class. Maps of these counties do not reflect an Urban (red) category
but contain only the following categories: Agriculture (yellow),
Forestry (green), No Major Use (blue), and perhaps Coulds (white) and
Cloud Shadow (black).
This land use inventory was prepared using spectral data; placement
ofseparable spectral classes into informational classes sometimes
resulted in the combination of urban and rural features into a single
category. As a result, some maps reflect large amounts of Urban (red)
category scattered throughout the county. These areas represent data
points which have similar reflectance characteristics and are spectrally
inseparable. They generally include urban areas, light colored and
sandy soils without surface cover, and farmsteads. This must be con—
sidered when using the Land Use tables as the area estimated for the
urban category may be high.
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SCALE IN MILES
 COLOR COUNTY LAND USE MAPS
County
maps
for Planning
Subarea
2.2
are not
included
in
this volume
due
to
technical
difficulties
incurred
in
the
mapping
processes.
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44
MAJOR LAND USES IN PLANNING SUBAREA 2.2 BY COUNTY - GREAT LAKES REGION
Percent
A
c
r
e
s
Hectares
Percent
Cook County, Illinois
513730
248470
Lake County,
Illinois
303360
122810
 
Urban-CommerciaI-Industrial
Residential
Cannercial
Agriculture
Row Crop
Close Grown Crop
Pasture
Ioreat
I No Major Use
Hat
er
Wetland
395930
139060
66660
12080
236370
159560
19520
4
5
0
0
115040
12080
160290
56290
26980
4890
956)0
64590
7900
1820
46570
4890
64.5
22.7
.
1
0
.
9
2
.
0
38.
5
2
0
\
0
N
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a
M
O
D
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.
0
Urban-Commercial—Industrial
Residential
Commercial
Agriculture
Row Crop
Close Grown Crop
Pasture
Forest
No Major Use
Water
Wet
lan
d
80040
127530
80700
15090
71640
8400
45350
8800
73380
15090
32400
51630
32670
6100
29000
3400
18360
3560
29700
6100
2
6
.
4
Du Page County, Illinois
211830
85760
McHenry County,
Illinois
393600
159350
Urban-Collarcial-Industrial
Residential
Commercial
Agriculture
Row Crop
Close Green Crop
Pasture
Forest
lo Major Use
Hater
lgtlgnd
83730
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26640
4
7
0
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52810
470
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190
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4
7
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0.2
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~
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N
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Residential
Commercial
Agriculture
Row Crop
Close Grown Crop
Pasture
Forest
No
Major
Use
Water
wetland
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327150
14470
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34870
90
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6
3
3
0
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3270
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3
6
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0
79600
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21000
108420
3820
14
80
16930
4060
73630
5300
29480
770
700
 
15.6
2
.
8
1.1
 
Urban-Commercial-Industrial
Residential
Commercial
Agriculture
Row
Crop
Close Grown Crop
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0
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0
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2
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0
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Table
44
Contd.
Acr
es
Hectares P
e
r
c
e
n
t
Acres
Hectare-
Percent
Ozaukee
County,
Wisconsin 151050
61150
Washington
County,
Wisconsin
2
7
7
7
6
0
112450
Urban-Commercial-Industrial
Residential
Connercial
Agriculture
Row Crop
Close Grown Crop
Pasture
Forest
lo Major Uee
Rater
Wbt
lan
d
26910
80190
39230
4720
26910
63250
12950
3990
4720
10890
10890
32460
25600
52
40
1610
15880
1910
1910
1
7
.
8
26.0
3
.
1
17.8
Urban-Commercial-Industrial
Residential
Commercial
Agriculture
Row
Crop
Close Grown Crop
Pasture
Forest
No
Major
Use
Water
Wetland
42370
151080
78720
5590
42370
50300
48080
52700
5590
17150
17150
6
1
1
6
0
20360
19460
21330
31870
2
2
6
0
2260
1
5
.
3
Racine County, Wisconsin 2
1
9
5
1
0
88870
waukesha
County,
Wisconsin
371200
150280
Urban-Counnrcial-Industrial
Residential
Con-arcial
Agriculture
Row
Crop
Close Grown Crop
Pasture
F
o
r
e
s
t
I. Major Uee
Iater
‘
wetland
42140
146540
25760
50
70
31490
10650
65910
13200
67430
5070
17060
12740
4
3
1
0
59320
26680
5340
27290
10420
2050
'
2050
19.2
66.8
11.7
2.3
C
O
.
“
.
2
0
2
Urban-Cmnnercial-Induetrial
Residential
Commercial
Agriculture
Row Crop
Close
Grown
Crop
Pasture
Forest
lo Major Uee
ﬁater
Wetland
4
4
9
0
0
257900
55750
12650
44900
57570
11300
189030
12650
18170
18170
104410
23300
4570
76530
22570
5120
5120
Heluorth
County,
WLaconain
369920
149760
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Conarcial
A
g
r
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u
l
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r
e
lav Crop
Cloee
erun
Crop
Pasture
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3
1
5
7
2
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530
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70
1
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1
0
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0
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1
9
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25
70
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7
0
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.6
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0
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Table 45 Cont-
Acres
Hectsres Percent
Acr
es Hectares Percent
Kenosha County, Wisconsin
355
80
144
00
Racine County, Wisconsin
109750 44430
 
Urban-Commerciel-Industrial
Residential
Comerc ial
Agriculture
lo
u
Cr
op
Close Cr
own Cro
p
Pas
tur
e
For
est
No Major Use
Est
er
wet
lan
d
4510
27720
1360
1990
4040
Z70
8700
15760
3260
950
10
40
1820
16
30
190
11220
3520
6380
1310
550
800
38
0
420
77.9
3.8
Urbsn-Commercial-Industrisl
Residential
Commercial
Agriculture
Row Crop
Close Crown Crop
Pasture
Forest
No Major Use
water
Wetland
21070
73270
12880
2530
15750
53
30
32960
66
00
337
20
2530
8530
29660
5210
1020
6370
2150
13340
2670
13650
10
20
19
.2
Milwaukee County, Uisconsin
153
220
62030
Washington County, Wisconsin
166650
67460
Urban-Commercisl-Industrisl
Iesidentisl
Col-ercisl
Agriculture
In
!
Cr
op
Close Grown Crop
'ssturs
Forest
No
Maj
or
Use
Ester
Etl
snd
12
75
40
23660
690
1330
100410
27120
2930
2100
18620
1330
516
30
40650
10970
9570
1180
850
75
30
270
53
0
53
0
83.2
0
.
5
0.9
Urban-Commercial-Induatrial
Residential
Commercial
Agriculture
Row Crop
Close Grown Crop
Pasture
Forest
No Major Use
Water
Wet
lan
d
25420
90650
47230
3350
25420
35030
24000
31620
3350
10290
36700
19120
1350
10290
141
80
9710
12800
1350
Ossukee County, Wisconsin
151050
61150
 
Waukesha County, Wisconsin
37130
15030
Urban-Commercisl-Industrial
lssidentisl
’Jou-ercisl
Agriculture
Row Crop
Close Grouu Crop
Pasture
Forest
lo major Use
ﬁlt
er
lis
tla
n
26910
80190
39230
4720
13410
131.90
63250
12950
3990
4720
108
90.
5420
5460
324
60
25600
5240
16
10
158
80
1910
1910
17.8
53.1
2
6
.
0
3.1
Urban-Commercial-Industrial
Residential
Comercisl
Agriculture
Row
Crop
Close Grown Crop
Pasture
For
est
No Major Use
water
wet
lan
d
 
4490
25790
5580
1270
4490
5760
1000
19030
1270
1810
10440
2250
510
1810
2330
7700
51
0
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W
e
t
l
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n
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re
s A
cr
es
Subt
otal
 
Hect
ares
Z
Il
li
no
is
Co
ok
Du
P
a
g
e
 
Ka
ne
L
a
k
e
H
c
H
e
n
r
y
"1
11
23
63
70
15
95
60
74
50
0
92
30
41
84
0
10
05
0
7
1
6
4
0
8
4
0
0
34
87
0
90
10
12
96
20
33
57
0
I
I
I
I
I
I
39
59
30
83
73
0
5
1
8
9
0
80
04
0
438
80
16
31
90
16
02
90
33
89
0
210
00
32
40
0
1
7
7
6
0
66
06
0
64.5
39.5
15
.6
26
.4
11
.1
29
.9
1
9
5
2
0
445
80
1
8
1
8
8
0
453
50
1
9
6
6
2
0
24
61
00
45
00
36
00
131
00
88
00
15
90
0
169
00
I
I
1
1
5
0
4
0
l
5
2
8
1
0
;
7
2
8
2
0
1
73
38
01
1
1
4
6
3
0
1
5
5
8
0
0
|
13
90
60
10
09
90
26
78
00
127
530
32
71
50
31
88
00
56
29
0
40
88
0
1
0
8
4
2
0
5
1
6
3
0
1
3
2
4
4
0
1
2
9
0
6
0
66
66
0
266
40
9
4
5
0
807
00
14
47
0
5
9
7
3
0
22.7
47.7
80
.5
42.0
83
.1
5
8
.
4
26
98
0
10
78
0
38
20
326
70
5
8
5
0
24180
10
.9
12
.6
2.
8
26
.6
3.7
10
.9
12
08
0
470
19
10
15
09
0
63
30
4210
1
7
5
0
17
70
I
I
12
08
0
I
47
0
I
3
6
6
0
I
1
5
0
9
0
I
8100
I
42
10
48
90
19
0
14
80
61
00
32
70
1
7
0
0
2.0
0.
2
1.1
5.
0
2.1
0.
8
St
at
e
To
ta
l
3
3
1
4
4
0
34
.1
I
I
1
2
8
1
3
3
0
5
1
8
7
5
0
5
3
.
4
2
5
7
6
5
0
104
310
10
.7
‘43
610
17
65
0
1.8
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an
a
L
a
k
e
L
a
P
o
r
t
e
Po
rt
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S
t
a
r
k
:
86
03
0
7
0
4
3
0
316
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1
3
0
2
0
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0
I
|
I
I
1
1
8
1
8
6
6
0
I
I
I
1
2
3
4
2
0
I
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88
0
'
4
7
9
4
0
I
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0
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0
1
9
4
0
0
5
2
7
0
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1
7
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5
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0
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9
2
6
0
1
6
7
0
0
1
2
0
0
0
27
00
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9
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8
0
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1
7
2
0
6
0
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3
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0
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0
1
0
6
9
3
0
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0
5
3
2
0
0
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.9
67
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.0
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.6
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5
4
0
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289
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0
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0
5.3
7
.
4
8
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1
1
4
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7
6
2
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0
1
'18
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0
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2
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1
0
4
4
1
0
7
7
.
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.1
66
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.3
5
4
.
4
69
.5
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6
9
0
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23
0
257
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7
8
7
2
0
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0
27
50
270
158
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50
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70
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5
.
6
28.3
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47
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5
0
7
0
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30
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0
5
2
1
0
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9
9
8
0
13
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7
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MAJOR L
AID USES
, PLANN
ING SUB
AREA 2.
2, GREA
T LAKES
BASIN
Urbm-Ccnne
rcisl-Indu
strigl
Agriculture
Forest
No Major Us
e
Reui- Co
mer-
Row Cl
o“ ~
Subtot I
denttsl c1
11 M
Crop Gro
wn Pasture
W
Water Wetl
and —
-a-
Acres Acres Acres Hectares 1 Acres Acres Acres Acres Hectares 2 Acres Hectares 72 Acres Acres Acres Hectares 1
.I
I
.
County
1111.321;
Cook 110320 85°30'195350 79080 71.6 49750: 49750 20140 18.2 21960 8890 8.1 5710 5710 2310 2.1
I
I
I
I
Luke 14330
1680' 16010 6480
26.4 9070 1760
14680I 25510 10320
42.0 16140 6530
26.6 3020 l
3020 1220 5.0
I
3
l
I
l
I
17111 13920 3700: 17620 7130 32.3 20860 1770 6630I 29190 11810 53.5 7380 2980 13.5 400 400 160 0.7
I
228980 92700 59.0
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Planning Subarea 2.3
Figure 77 shows those counties contained in Planning Subarea 2.3.
The major land uses in Planning Subarea 2.3 presented by county are
shown in Table 48.
Table 49 presents the major land uses for Planning
Subarea 2.3 by state.
The land use tabulations presented in these tables were derived
by LARS using 1974 state—of-the—art LANDSAT analyses technology.
The
areas shown may not match those in other tabulations of land use infor-
mation due to differences in procedures used, land use category defini—
tions, or the date of inventory.
The county boundaries and the area classified may not exactly agree
since the area chosen as the county in the LANDSAT data could only be
approximated. The approximated county boundaries were located using
visible features within the LANDSAT data such as streams, lakes, cities,
major highways, etc.
In a few predominantly rural counties, insufficient referencedata
were available to train the computer properly to identify an urban class.
Maps of these counties do not reflect on Urban (red) category but contain
only the following categories: Agriculture (yellow), Forestry (green),
No Major Use (blue), and perhaps Clouds (white) and Cloud Shadow (black).
This land use inventorywas prepared using spectral data; placement
of separable spectral classes into informational classes sometimes
resulted in the combination of urban and rural features into a single
category. As a result, some maps reflect large amounts of the Urban
(red) category scattered throughout the county. These areas represent
data points which have similar reflectance characteristics and are
spectrally inseparable. They generally include urban areas, light
colored and sandy soils without surface cover, and farmsteads. This
must be considered when using the Land Use tables as the area estimated
for the urban category may be high.
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COLOR COUNTY LAND USE MAPS
 
County maps for Planning Subarea 2.3 are not included in this volume
due to technical difficulties incurred in the mapping processes.
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 Table 48
MAJOR LAND USES
IN PLANNING
2.3
BY
COUNTY
- GREAT
LAKES REGION
Acres
Hectares
Percent
Acres
Hectares
Percent
Elkhart
County,
Indiana
300800
121780
Noble
County,
Indiana
266240
107780
Urban-Connercial-Industrial
54530
22070
18. 1
Urban-Commercial-Industria1
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2000
1.9
Residential
47050
19040
15. 6
Residential
4940
2000
1 .9'
Comercial
7480
3020
2.5
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-
-
-
Agriculture
209550
84830
69 . 7
Agriculture
234910
95100
88. 2
Row
Crop
119600
48420
39 8
Row Crop
101590
41120
38
2
Close
Grown Crop
14700
5950
4.9
Close
Grown
Crop
13700
5540
5.1
Pasture
75250
30460
25 0
Pasture
119620
48420
44
9
Forest
32800
13270
10.9
Forest
23980
9700
9.0
Io hjer
Us.
3920
1580
1.3
No
Major Use
2410
970
0.9
into:
3920
1580
1.3
Water
2410
970
0.9
9.:
d
-
-
-
Wetland
-
-
-
Locum
Cwnty,
Indiana
247030
100010
St.
Joseph
County,
Indiana
299520
121250
Urban-Caercial-Industrinl
38290
15500
15.5
Urban-Commercial-Industrial
58590
23720
19.6
Residential
37410
15140
15.1
Residential
47670
19290
15
9
Callercial
880
350
0.4
Connercial
10920
4420
3.6
Agriculture
162250
65680
65 . 7
Agriculture
206290
835 10
68. 9
Row
Crop
71840
29080
29
1
Row
Crop
132620
53690
44.3
Clea
Grown
Crop
18200
7360
7.4
Close
Grown
Crop
10800
4370
3.6
Pasture
72210
29230
29
2
Pasture
62870
25450
21
0
Forest
39350
15930
15.9
Forest
32670
13220
10.9
M
)hjor
Use
7140
2890
2.9
No
Major
Use
1970
790
0.7
liter
7140
2890
2 . 9
Water
1970
790
0 . 7
I
Wetland
-
-
-
Wetland
-
-
-
Harﬁall
County,
Indiana
287370
116340
StEUben
county,
Indian.
207350
83940
Urban-Comrcial-Induatrial
13830
5590
4.8
Urban-Commercisl-Industrial
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4610
5.5
Residential
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5590
4.8
Residential
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4610
5.5
Consercial
~
-
-
Comercial
-
-
-
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85. 8
Agriculture
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61380
73. 1
Row
Crop
127980
51810
44
5
Row
Crop
72720
29440
35
1
Close
Grown
Crap
9900
4000
3.4
Close
Grown
Crop
11400
4610
5.5
Feature
108540
43940
37
8
Pasture
67490
27320
32
5
Forest
22500
9100
7.8
Forest
33830
13690
16. 3
lo
Major
Use
4620
1870
1.6
No
Major
Use
10510
4250
5.1
Weter
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1640
. 4
Water
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4250
5 . 1
2
 
2
2
3
          
l
ailgnd
560
.
220
0.
Wetland
-
-
 -'
r
.
 
 
 
 
 
---> - - > '--:.::..1:c..;;...; ; ; 4
 
v- . AVWMHRFMMW_WWW .W..........~....._... u...
 
6
4
ah1
e A
R C
ont,
Aﬂfii
Hectares
Perc
ent
Acrea
Hectarea Percent
All
ega
n
Cou
nty
,
Mic
hig
an
535
680
216870
Branch Coun
ty, Michiga
n
330
890
133
960
Urb
an-
Can
ner
cia
l-1
ndu
str
ia1
Res
ide
nti
al
Comme
rcial
Agr
icu
ltu
re
Row
Crop
Cloa
e Gr
own
Crop
Pas
tur
e
Foreat
lo Maj
or Use
wa
te
r
We
tl
an
d
9460
33
75
50
170
270
184
00
9460
43510
179
70
276070
92
90
91
10
38
20
3820
136650
176
10
72
70
111760
68930
74
40
3760
36
80
1
.
8
1
.
8
63.0
3
1
.
8
3
.
4
Urban-Comme
rcial—Indus
trial
Resid
entia
l
Cumne
rcial
Agr
icu
ltu
re
Row
Crop
Close G
rown Cr
op
Pasture
Foreat
No Maj
or Use
Wat
er
We
tl
an
d
17210
230370
736
20
9690
172
10
12
66
90
198
00
838
70
96
90
69
60
6960
932
60
51290
8010
33950
29800
39
20
39
20
5
.
2
69.6
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.
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0
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0
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Cc-e
rcis
l
Agricu
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0
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0
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SPECIALIZED LAND USES
LAKE MICHIGAN BASIN - CATEGORIES
Eight specialized land use categories are explored in this study. They
are:
(1)
liqu
id w
aste
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osal
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s (3
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, (
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(7)
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dens
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ed r
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areas and (8) recreational lands.
These eight categories cover the more significant nonpoint sources of
pollution affecting water quality of the Great Lakes.
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Table 52
LIQUID WASTE DISPOSAL 1973, (1,2,3b)
Types of Discharge
Number Surface
of Spray Septic Tank of
Operations Industrial Municipal Lagoon Irrigation Tile Field Ground
Lake Michigan
basin 456 409 43 196 28 154 58
PSA 2.1 17 15 2 6 - 4 l
PSA 2.2 11 5 2 — - - —
PSA 2.3 283 259 24 114 19 108 41
PSA 2.4 145 130 15 76 9 42 16
Climatic factors in the more southerly planning subareas, as Planning
Subarea 2.3, are more conducive to this means of disposal. The shorter period
of cold winter months and the longer growing season increase the
environmental capacity for absorption of liquid wastes in a safe manner.
§91id WasteDisposal
At the present time in the Lake Michigan basin, modified landfills
and open dumps are the primary methods for solid waste disposal. Most dumps
serve rural populations, with larger, more populated regions served by
sanitary landfills.
The trend toward sanitary landfills is likely to increase in the
future. Indiana currently bans all non—landfill sites, such as open burying
dumps. Wisconsin had a graduated disposal criteria depending upon the
population of the area, and requiring landfill operations in areas of over
2,500 population. With these and other new licensing regulations taking effect
it is expected that problems from solid waste disposal will decrease in the
future. There will continue to be problems arising from abandoned dump
sites which are improperly closed and not adequately sealed off to rodents
and leaching problems.
Many conditions are involved in establishing efficient landfill
sites. Such conditions include examining geology, hydrology, and soils.
The potential for contamination of Lake Michigan near shore
waters is also influenced byclimatological factors. Due to the amount of
precipitation in this area and the high average potential infiltration rates,
leachate production is all most inevitable from solid waste disposal sites.
Leachates are produced by water infiltrating and percolating through the land—
fill and into groundwater supplies; or produced from saturation by high ground-
water tables that come into contact with the buried refuse. The types of
pollutants that may arise are directly related to the type of refuse present
and the manner of disposal. However, leachates are usually characterized
as being high in biochemical oxygen demand (BOD), dissolved chemicals
(iron, chloride, sodium), hardness, acids, and nitrates (organic decomposition).
The future outlook of solid waste disposal by sanitary landfills
shows an increase in its usage for at least the near future. This increase
is partially due to the low costsand simple operation of landfills.
Other acceptable methods of solid waste disposal (i.e, incineration,
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 composting, shredding) have been used to a lesser extent primarily because of
economic factors.
Table 53
SOLID WASTE DISPOSAL SITES, 1973 (1,2,3c)
 
Sanitary Modified or
Total Landfills ppen Dumps
Lake Michigan basin 1,134 244 403
PSA 2.1 443 80 287
PSA 2.2 229 60 21
PSA 2.3 236 90 44
PSA 2.4 226 14 51
Dredging and_értificial Fills Areas
 
Dredging is defined as the process of removing materials from
underwater and their subsequent disposal.
The process includes two operations:
1) excavation of the materials and 2) coveyance to and release of the materials
at the disposal site.
Due to pollution and industrial development, some of
the sediment
that is removed by dredging activities has been polluted by
municipal,
industrial,
and agricultural activities.
Potential pollutants
that are common to the effected sediments include nitrates,
phosphates,
organic matter, pH, alkalinity, chlorides, iron, oil and grease, mercury,
lead and zinc.
Federal legislation concerned with polluted dredge spoil was
enacted in 1970 (P.L. 91—611).
Section 123 of this act specifically deals
with the requirements for confined dredge spoil.
Most dredge soil material
excavated
in the Lake Michigan basin continues
to be disposed of in open
lake areas.
As of July,
1974 only 7 of 37 dredging operations utilized
confined disposal sites.
It is unlikely that any major work will be done in the Lake
Michigan basin unless larger locks are constructed.
If this occurs, larger
ships will be utilizing the facilities and there will be a demand for
deeper and wider harbors.
Because the amount of commercial navigation has
decreased considerably in the Great Lakes Basin during recent years, the
level of annual dredging may be significantly altered in the future.
This will
depend on the continued economic viability of shipping.
If economic development continues in the Lake Michigan basin, there
will be a further increase in the percentage of polluted sediments.
If
sediment pollution does increase, further increase in dike disposal are
likely, raising the potential for nearshore water pollution if dike spoils are
not properly handled.
Conversely, if proper technology is applied to
controlling pollutant loss from disposal areas, the pollution potential may be
greatly reduced.
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 Table 54
AVERAGE ANNUAL VOLUME 0F DREDGE SPOIL
DISPOSAL OPERATIONS (1961-1970) (4)
Number AnnualAverage Polluted Sediments
of Dredging Requiring Confinement
 
Sites Cubic Meters Cubic Yards Cubic Meters Cubic Yards
Lake Michigan
baSin 37 1,133,260 1,481,380 685,790 896,473
PSA 2.1 11 251,630 328,930 196,860 257,337
PSA 2.2 10 420,660 549,880 382,990 500,645
PSA 2.3 5 286,830 374,940 98,560 128,843
PSA 2.4 11 174,140 227,630 7,380 9,648
Deepwell Disposal
Deepwell waste disposal techniques have been practiced for
decades, primarily for the disposal of brines produced in oil field operations.
Since about 1950 deepwell disposal of industrial wastes has become an
increasingly popular solution for elimination of toxic or noxious unwanted
liquids. Most of the wastes injected are high-strength organics, caustics,
acid
s or
othe
r to
xic
mate
rial
s.
Thes
e wa
stes
are
fore
ign
to t
he r
ecei
ving
formations and contaminate such formations; however, the formations act
as storage reservoirs for wastes and should prevent contamination of
other resources or areas.
Ideally, the receiving formation is bounded both above and below
by formations of low vertical permeability. Even with such precautions
upward flow can occur if high injection pressures are used and hydro—
fracturing has occurred.
The State of Wisconsin prohibits the injection of any material
into the subsurface. There are no deepwell disposal sites within the
drainage basin of Lake Michigan in Illinois as well. The state has sought
to protect deeply buried but only slightly salty reservoirs that may serve
as a future drinking water source. In the Gary, Indiana area there are a
number of disposal wells used to inject hydrochloric and sulfuric acid
waste pickle liquors. These wells have had apparant success. There are,
in addition, many deepwell disposal operations in the Michigan portion
of this lake basin. The major problems here have been related to the
discharge of effluent from plugged and abandoned test wells and exploratory
holes. In addition, the highly corrosivenature of some of the wastes that
are injected has been a problem.
In the Lake basin there is a total of 29
These occur in the eastern portion of the planning subarea. They are about
50 percent industrial and50 percent brine injection, with range of depths
from 90 meters (295 feet) to 1,986 meters (6,514 feet).
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 Table 55
DEEPWELL DISPOSAL SITES, 1973 (2,3d)
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Erosion
Erosion along the land-water interface occurs in 2 partiCular areas —
lakeshore and riverbank. Lakeshore erosion can contribute sizeable amounts
of sediments to Lake Michigan, but most of this sediment does not contain
nutrient or pesticide materials. Its major influence on surface waters is by
increasing nearshore turbidity and smothering of benthic biota. Riverbank
erosion contributes nutrient and pesticide materials from surrounding lands
captured in the sediment.
Lakeshore Erosion
Lakeshore erosion is controlled by the physical nature of the
shoreline, lake levels and their interaction with storm intensity and
frequency, and the extent and type of shoreline land use.
The diversity of Lake Michigan shore types is evidenced by the fact
that all of the shore forms inventoried in the Great Lakes Basin are found on
this
lake.
Parti
cular
ly s
ignif
icant
from
the e
rosio
n st
andpo
int
are v
ulner
able
erodible bluff areas found along many shoreline reaches often used as building
sites because of the scenic views associated with them. The erodible bluffs
of M
ichi
gan
and
Wisc
onsi
n ar
e co
ntin
uous
ly t
hrea
tene
d an
d da
mage
d by
eros
ion.
Due
to t
he w
ind—
swep
t n
atur
e of
the
west
ern
shor
elin
e of
Mich
igan
's L
ower
Peninsula, most dune and bluff areas are exposed, and during high lake levels
are particularly vulnerable to erosion. 0f the total 2,192 kilometers
(1,362 miles) of Lake Michigan shoreline, nonerodible coast line of Lake
Mich
igan
enco
mpas
sed
only
18 p
erce
nt o
f 39
4 ki
lome
ters
(245
mile
s),
acco
rdin
g
to geographic and geological observations expressed in Table 56.
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 LAKE MICHIGAN SHORE TYPE 1970
Table 56
(in miles)
(5)
  
 
 
The distribution of these shore types by
graphically in Figure 124.
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Figure 124
State Percent
Wisconsin Hichiggg Illinois Indiana Total of Total
Shore ea
Artificial fill area 12.4 3.8 26.6 24.6 67.4 5
Erodible high bluff 95.4 157.3 20.9 0.0 273.6 20
Non—erodible high bluff 30.1 16.8 0.0 0.0 46.9 3
Erodible 10w bluff 28.0 90.9 0.0 0.0 118.9 9
Non—erodible low bluff 13.1 11.6 0.0 0.0 24.7 2
High sand dune 0.0 128.0 0.0 11.6 139.6 10
Low sand dune 16.4 48.7 0.0 8.3 73.4 S
Erodible low plain 77.0 192.5 17.5 0.5 287.5 21
Non-erodible low plain 58.4 115.1 0.0 0.0 173.5 13
Wetlands 14.2 80.3 0.0 0.0 94.5 7
Wetlands/erodible plain 51.8 0.0 0.0 0.0 51.8 4
Hetlands/erodible low bluff 10.2 0.0 0.0 0.0 10.2 1
Total shore miles 407.0 845.0 65.0 45.0 1,362.0 100
To Convert From 12 Multiglz 32
Miles (Ii) Kilo-eta: (kl) 1.609
state is displayed
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DISTRIBUTION OF LAKE MICHIGAN SHORE TYPES, 1970(5)
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Higher lake levels and more frequent and intensive storms increase
the erosive force of the water body. Therefore, erosion and lakeshore
recession will occur more rapidly. Unusually high lake levels on Lake
Michigan in recent years have increased the amount of shoreline erosion.
The third controlling factor is the variety, concentration, and
location of shoreline use. Commercial and industrial development is almost
entirely limited to the extreme southwestern portion of the lake specifically
western Indiana and Illinois. Permanent and seasonal residential use is
the most common of all the shoreline uses in this lake basin. Improper
construction methods and incompatible shoreline development serve only to
exacerbate the natural littoral and shoreline processes.
Much of the research and analysis directedtoward shoreline
erosion has been based on economic parameters. These are estimates based
upon the economic loss resulting from erosion of the shoreline. According
to this type of analysis, critical and moderate erosion account for 946
kilometers (587.5 miles). Protected areas account for 10 percent of the
shoreline, or 261 kilometers (162 miles). This includes areas protected
by seawalls or diking systems which prevent erosion from occurring. Shorelines
which are subject to flooding account for 10 percent, or 226 kilometers
(140.7 miles) of the total shoreline reach.
Shoreline in Lake Michigan not subject to flooding or erosion
thus accounts for 759 kilometers (471.8 miles), or 35 percent of the
total shoreline. Thus, 79 percent of the shoreline comprised of erodible
shoretypes is subject to flooding or erosion, according to the economic
loss criteria.
Table 57
LAKE MICHIGAN SHORELINE EROSION 1970(5)
 
Shoreline
Percent of
Kilometers Miles Total
Existing Miles of Shoreline 2192 1362 100
Critical Erosion Areas 210 130.1 10
Non—Critical Erosion 736 457.4 33
Protected Shoreline 261 162.0 12
Shoreline Subject to Flooding 226 140.7 10
Shoreline Not Subject to Flooding
or Erosion 759 471.8 35
For the State of Michigan, the Michigan Water Development Services
has calculated the amount of high risk erosion mileage.(6) This is an
estimate of the amount of actual geological erosion and sedimentation that
may not show up under the economic loss estimates. According to this, of
the
1,36
0 ki
lome
ters
(845
mile
s) o
f La
ke M
ichi
gan
shor
elin
e wi
thin
the
Stat
e
of Michigan, a total of 730 kilometers (454 miles) of both developed and
undeveloped land is subject to high risk erosion. This is 53 percent of
the Michigan shoreline on Lake Michigan.
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 Table 58
1973 HIGH RISK EROSION MILEAGE(6)
Developed Undeveloped Total
Lake Michigan basinl/ 286.3 167.7 454.0
PSA 2.1 25.7 11.4 37.1
PSA 2.2 No Michigan Counties
PSA 2.3 82.2 14.2 96.4
PSA 2.4 178.4 142.1 320.5
1] Michigan Counties Only
To Convert From To Multiply By
Miles (m1) Kilometers (km) 1.609
Riverbank Erosion
Riverbank erosion is a natural geologic phenomena caused by direct
abrasion, undercutting, or sloughing, or from a combination of these Processes.
in the valley development from lateral widening. With the manipulation of land
and vegetation by man, the erosion and sediment yield to the lakes made a
significant increase.
The most widespread influence, other than on site land damage from
the erosion process, is the downstream effect on water and related land
resources. Additional sedimentation, nutrients and contaminants enter the
water. Sometimes this product remains suspended in the downstream waters
for prolonged periods and constitutes a detrimental element to the quality
of water.
Table 59
TOTAL LENGTH OF RIVERBANK EROSION, 1969(7)
 
Moderate Severe Total
Kilometers
Miles
Kilometers
Miles
Kilometers
Miles
Lake Michigan basin
4264
2650
1286
799
5549
3449
PSA 2.1
1894
1177
259
161
2153
1338
PSA 2.2
148
92
37
23
185
115
PSA 2.3 1064 661 406 252 1469 913
PSA 2.4
1158
720
584
363
1742
1083
Estimates range from an average of 2.47 metric tons of sediment
per square kilometer (7 tons per square mile) eroded from streambanks yearly
to as high as 15.8 metric tons per square kilometer (45 tons per square mile;
for streams draining less than 1,036 square kilometers (440 square miles). 5
An average of 9.5 metric tons per square kilometer (27 tons per square mile)
for the entire Great Lakes Basin was found. The erosion is summarized in
bank lengths (a length of streambank erosion would be erosion on only one
side of a stream channel). The term "serious streambank erosion" is a
working term to separate those areas which appear to have sizable damages,
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i.e., damages detrimental to one or more wide variety of interests. Further—
more, damage by serious streambank erosion warrents further study to determine
if some form of streambank erosion protection is justified. Moderate
streambank erosion includes those areas that have some damage, but under
present conditions do not appear to warrent further study because installa—
tion of a protective measure will not produce sufficient benefits.
Intanséie Livssﬁpgkmoyara.tieUs
The water pollution problems associated with intensive livestock opera—
tions are those due to runoff from land used for animal production.
Uncontrolled discharges of wastes from animal confinement operations
has been associated with pollution of lakes, rivers and streams. Animal
wastes may contribute to water pollution in many ways such as: excessive
nutrients that increase euthrophication; microorganisms that may impair
the use of surface waters; impurities in ground water treatment; and
depletion of dissolved oxygen. Of greatest concern are nitrates and
phosphates, bacterial contamination, and high BOD rates.
The definition of an intensive livestock operation is an arbitrary one.
The definition used for this study was "a facility capable of holding
animals on land not used for the growing of crops or vegetation". The
numbers used for this definition are 100 or more head of cattle (available
data did not allow for identification of beef and dairy), 200 or more
swine, and 10,000 or more poultry.(3a) These standards were developed
Dr. R.C. Loehr based upon what would be a large single enterprise operation
operating at a respectable profit.
The largest livestock operations are in the same areas where most of
the livestock are produced. The states surrounding Lake Michigan contain
large livestock operations. The major drainage from land containing
livestock operations enters Lake Michigan from Wisconsin and southwestern
Mich
igan
. A
bout
50 p
erce
nt o
f th
e da
iry
catt
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56 p
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nt o
f th
e
pigs and hogs in the basin are in the Lake Michigan drainage area.
Localized problems can result wherever good waste management approaches
are not utilized.
   
Table 60
INTENSIVE LIVESTOCK OPERATIONS, 1969(8)
Poultry Cattle Swine
with 10000 with 100 or with 200
or more more head or more Total
Lake Michigan basin 280 5094 1477 6851
PSA 2.1 18 1303 219 1540
PSA 2.2 47 925 362 1334
PSA 2.3 184 2554 873 3611
PSA 2.4 31 312 23 366
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 According to Dr. Loehr's
standards,
there are 6,851 intensive livestock
operations in the Lake Michigan basin,
280 of which are poultry operations,
5,094 are cattle operations and the remaining 1,477 are swine operations.
High DensityLNonsewered Residential Areas
In addition to impacts on public health, there can be significant
impacts on water quality from sewage effluents.
Impacts may occur in terms
of nutrient enrichment of streams and lakes,
heavy concentrations of chemical
compounds detrimental to surface water uses, as well as affecting the general
aesthetic characteristics of the environment.
Poor soil drainage is a problem
in central Wisconsin, northern Indiana, eastern Illinois, and in southern
Michigan.
In these areas, the detection of faulty septic systems and careful
operation of on—site disposal methods is important
In the Lake Michigan basin there is a total of 4,389,252 sewered and
nonsewered housing units. Of these, five percent, or 766,083 housing
units not including farms are nonsewered. Thirty three percent of the
nonsewered homes are located in urban areas, while the remaining 67
percent, or 511,486 units, are in rural nonfarm areas. The heavily
populated southwestern sector of the Lake basin has the lowest percentage
of nonsewered housing. With increasing urbanization in the other planning
subareas, more homes will be connected with public sewer systems.
Table 61
 
9
HIGH DENSITY NONSEWERED RESIDENTIAL AREAS, 1970( )
Ethan Rural Nonfarm Combined
Percent Percent Percent
Total of Total of Total of Total
Housing Housing Housing Heusing
_Units No. Units No. Units N_o_. Units __
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PSA 2.‘ 183,082 11,310 6 92,098 50 103,408 57
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Lake Michigan basin recreational sites are based.
Recreational activities range from primitive camping to urban parks and
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with possible run and erosion problems, are found throughout the basin.
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Planning Subareas 2.1 and 2.4, at the northern end of the lake are less
populous than Planning Subarea 2.2 and 2.3 towards the southern end of the lake
consequently are more oriented towards weekend and vacation users. These
northern two subareas have over three times the number of state parks as
found in the southern part of the basin. It is in these northern planning
subareas that the more primitive forest campgrounds are found, as well as
much good boating water in the Green Bay-Lake Winnebago area and in the
Traverse Bay area. The more southerly areas have a higher urban population
with urban-oriented recreational activities contributing different water quality
influences than those in the northern portions.
Table 62
SUMMARY OF RECREATIONAL AREAS & ACTIVITIES 1970
(in acres)
(10)
Activities
 
Water-Oriented Activites Other Summer Activities
Swimming Picnicking Campingr Gen. Parking Boating—Parkingr Playfield Golf
Lake Michigan
basin 1120 9080 4380 1220 1250 15620 21590
PSA 2.1 170 2370 1150 120 200 1100 4700
PSA 2.2 460 4260 750 700 620 11600 12100
PSA 2.3 320 950 1180 340 360 2850 4600
PSA 2 4 170 1500 1300 60 70 70 190
Total
Area
Winter Activities Water Surface
Skiing Sledding Ice Skating Boating
890 0 810 1518000 1573960
470 0 10 496000 506290
170 0 760 193000 224420
50 O 20 150000 160670
200 0 20 679000 682580
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 PLANNING SUBAREA 2.1
Disposal Operations
Liquid Waste Disposal
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wastes are usually sanitized before disposal.
Table 63
LIQUID WASTE DISPOSAL, 1973(2’3b)
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Table 64
SOLID WASTE DISPOSAL SITES BY COUNTY, 1973(2’3C)
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Table 65
AVE
RAG
E A
NNU
AL
VOL
UME
OF
DRE
DGE
SPO
IL
DIS
POS
AL
(19
61—
197
0)
(4)
 
Number Annual Average Polluted Sediments
of V Dredging Requiring Confinement
PSA
2.1
Site
s
Cubi
c Me
ters
Cubi
c Ya
rdg‘
Cubi
c Me
ters
Cubi
c Ya
rds
  
Michigan
Dickinson
Iron
Meno
mine
e
l
6820
8910
4090
_
5346
Wisconsin
Bro
wn
2
912
50
119
280
904
30
118
215
Calumet
Door
1
3231
0
4223
0
1615
0
'
2111
5
Flo
ren
ce
'
Fond du Lac
Forest
Green Lake
Kew
aun
ee
2
309
20
404
20
306
00
400
05
Langlade
Man
ito
woc
2
607
70
794
40
358
20
468
23
Marinette
Menominee
0co
nto
2
425
0
556
0
780
101
5
Outgamie
Shawano
She
boy
gan
1
253
10
330
90
189
90
248
18
Waupaca
Waushara
Winnebago
TOT
AL
11
251
630
328
930
196
860
257
337
Erosion
Lakeshore Erosion
In
Pla
nni
ng
Sub
are
a
2.1
the
re
are
605
kil
ome
ter
s
(37
6
mil
es)
of
sho
rel
ine
.
Of
thi
s,
36
per
cen
t,
or
215
kil
ome
ter
s
(13
3.6
mil
es)
is
con
sid
ere
d
not
sub
jec
t t
o f
loo
din
g o
r e
ros
ion
, a
cco
rdi
ng
to
the
eco
nom
ic
los
s c
rit
eri
a.
The
re
are
no
are
as
of
cri
tic
al
ero
sio
n a
cco
rdi
ng
to
thi
s d
efi
nit
ion
.
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Table 66
 
SHO
REL
INE
ERO
SIO
N
FOR
PLA
NNI
NG
SUB
ARE
A
2.1
197
0
(5)
Kilometers Miles
1. Existing Miles of Shoreline 605 376
2. Length and Location of Critical
Erosion Areas — —
3. Shoreline Subject to Noncritical
Erosion 221 137.6
4. Protected Shoreline 33 20.4
5. Shoreline Subject to Flooding
Erosion 136 84.4
6. Shoreline Not Subject to Flooding
or Erosion 215 133.6
The
sho
re
typ
es
of
Lak
e
Mic
hig
an
are
imp
ort
ant
in
the
con
sid
era
tio
n
of
the
amo
unt
of
geo
log
ic
ero
sio
n.
Tab
le
67
ind
ica
tes
the
num
ber
of
mil
es
of the various shore types.
Table 67
'5
SH
OR
E
TY
PE
S
PL
AN
NI
NG
SU
BA
RE
A
2.
1
19
70
(
)
Miles
Ar
ti
fi
ca
l
Fi
ll
Ar
ea
A
3
Er
od
ib
le
Hi
gh
Bl
uf
f
HB
e
43
No
n—
er
od
ib
le
Hi
gh
Bl
uf
f
HB
n
3O
Er
od
ib
le
Lo
w
Bl
uf
f
LB
e
38
No
n—
er
od
ib
le
Lo
w
Bl
uf
f
LB
n
13
Hi
gh
Sa
nd
Du
ne
HD
0
Lo
w
Sa
nd
Du
ne
LD
13
Er
od
ib
le
Lo
w
Pl
ai
n
Pe
96
No
n—
er
od
ib
le
Lo
w
Pl
ai
n
Pn
64
Wet
lan
ds
W
24
Wet
lan
ds/
Ero
dib
le
Low
Pla
in
W/P
e
52
Wet
lan
ds/
Ero
dib
le
Low
Blu
ff
W/L
Be
10
To
ta
l
Sh
or
e
Mi
le
s
37
6
To
Con
ver
t
Fro
m
.23
Mul
tip
ly
By
Mil
es
(mi
)
Kil
ome
ter
s
(km
)
1.6
09
Fi
gu
re
12
6
di
sp
la
ys
gr
ap
hi
ca
ll
y
th
e
di
st
ri
bu
ti
on
of
th
es
e
sh
or
e
typ
es
alo
ng
the
sho
rel
ine
s o
f M
ich
iga
n a
nd
Wis
con
sin
in
PSA
2.1
.
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PSA 2.1 SHORE TYPE [5]
SI"! "P!
Auiilml rm “01— I
inﬁll. I!“ III"
ll 1!. u linu —-—III
III-£10m“ Iin III”
II H. II “III! —-——III
mum. Lu III". Ion
(In II It. hill—ll!
luriuiiilt l" III".
In: lln II n. lint—.1].
Iin Saul Inc. 1| ll.
u linu————— II
Lu Saul um. In: m-
N ll. ligl—— ll
Inﬁll! lll 'llil——-— h
  
  
II!!! I." Mail—— PI
lulu“
Colliluiou Sun As:
llnnvd/luﬂm —l/n
In" um In ill "I
[I'll III" Inuial III
  
Hig
h
ris
k
ero
sio
n m
ile
age
in
the
Sta
te
of
Mic
hig
an
bas
ed
on
geo
log
ica
l
est
ima
tes
acc
oun
ts
for
a
tot
al
of
59.
7
kil
ome
ter
s
(37
.1
mil
es)
,
all in the Menominee County.
Table 68
1973 HIGH RISK EROSION MILEAGE(6)
PSA
2.1
Dev
elo
Eed
Und
eve
lop
ed
Tot
al
Michigan
Dic
kin
son
-
-
—
Iro
n
-
-
-
Men
omi
nee
25.
7
11.
4
37.
1
TOT
AL
25.
7
11.
4
37.
1
To
Con
ver
t
Fro
m
29_
Mul
tiE
lz
BX
Mil
es
(mi
)
Kil
ome
ter
s
(km
)
1.6
09
Riverbank Erosion
Of
th
e
52
,0
35
ki
lo
me
te
rs
(3
2,
34
0
mi
le
s)
of
ri
ve
rb
an
ks
in
Pl
an
ni
ng
Su
ba
re
a
2.
1
le
ss
th
an
4
pe
rc
en
t,
or
18
94
ki
lo
me
te
rs
(11
77
mi
le
s)
is
su
bj
ec
t
to
mo
de
ra
te
er
os
io
n
wi
th
an
ad
di
ti
on
al
25
9
ki
lo
me
te
rs
(16
1
mi
le
s)
su
bj
ec
t
to
se
ve
re
er
os
io
n.
Th
is
in
cl
ud
es
bo
th
dr
ai
na
ge
ar
ea
s
un
de
r
40
0
sq
ua
re
mi
le
s
an
d
th
os
e
ov
er
40
0
sq
ua
re
mi
le
s.
Th
e
ri
ve
r
mo
st
su
bj
ec
t
to
er
os
io
n
is
th
e
Fo
x,
wi
th
sl
ig
ht
ly
ov
er
5
pe
rc
en
t
of
th
e
ba
nk
mi
le
s
su
bj
ec
t
to
se
ve
re
or
mo
de
ra
te
erosion. 7)
Table 69
MODERATE AND SEVERE RIVERBANK EROSION, 1969
(in miles)
(7)
   
v‘ Watershed
PSA
2.1
Und
er
400
sq
mil
es
Ove
r 4
00
sqj
mil
es
Com
bin
ed
Tot
al
Moderate 1083 94 1177
Severe 110 51 161
TOTAL 1193 145 1338
To Convert From $3 Multiplz Bx
Miles (mi) Kilometers (km) 1.609
Square Miles (sq mi) Square Kilometers (sq km) 2.59
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I
n
t
e
n
s
i
v
e
L
i
v
e
s
t
o
c
k
O
p
e
r
a
t
i
o
n
s
B
a
s
e
d
o
n
t
h
e
1
9
6
9
C
e
n
s
u
s
o
f
A
g
r
i
c
u
l
t
u
r
e
t
h
e
r
e
a
r
e
1
5
4
0
i
n
t
e
n
s
i
v
e
l
i
v
e
—
s
t
o
c
k
o
p
e
r
a
t
i
o
n
s
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
2
.
1
:
1
8
w
i
t
h
o
v
e
r
1
0
,
0
0
0
p
o
u
l
t
r
y
a
p
i
e
c
e
;
1
3
0
3
o
p
e
r
a
t
i
o
n
s
w
i
t
h
o
v
e
r
1
0
0
h
e
a
d
o
f
c
a
t
t
l
e
;
a
n
d
2
1
9
w
i
t
h
o
v
e
r
2
0
0
s
w
i
n
e
a
p
i
e
c
e
.
A
n
e
s
t
i
m
a
t
e
h
a
s
b
e
e
n
m
a
d
e
a
s
t
o
t
h
e
a
m
o
u
n
t
o
f
a
n
i
m
a
l
w
a
s
t
e
p
r
o
d
u
c
e
d
i
n
t
e
r
m
s
o
f
w
e
t
p
o
u
n
d
s
p
e
r
d
a
y
f
r
o
m
t
h
e
s
e
i
n
t
e
n
s
i
v
e
l
i
v
e
s
t
o
c
k
o
p
e
r
a
t
i
o
n
s
.
T
h
e
c
o
n
v
e
r
s
i
o
n
c
o
e
f
f
i
c
i
e
n
t
s
w
e
r
e
b
a
s
e
d
o
n
D
r
.
L
o
e
h
r
'
s
f
i
n
d
i
n
g
s
3
a
I
n
c
o
n
v
e
r
t
i
n
g
t
h
e
n
u
m
b
e
r
o
f
a
n
i
m
a
l
s
i
n
t
o
p
o
u
n
d
s
o
f
w
a
s
t
e
p
e
r
d
a
y
,
t
h
e
p
o
u
l
t
r
y
i
n
t
h
e
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
p
r
o
d
u
c
e
s
3
4
,
7
5
7
k
i
l
o
g
r
a
m
s
(
7
6
,
5
5
7
w
e
t
p
o
u
n
d
s
)
p
e
r
d
a
y
,
c
a
t
t
l
e
4
,
1
0
4
,
6
3
7
k
i
l
o
g
r
a
m
s
(
9
,
0
4
1
,
0
5
0
w
e
t
p
o
u
n
d
s
)
p
e
r
d
a
y
,
a
n
d
s
w
i
n
e
3
5
5
,
1
4
2
k
i
l
o
g
r
a
m
s
(
7
8
2
,
2
5
0
w
e
t
p
o
u
n
d
s
)
p
e
r
d
a
y
f
r
o
m
t
h
e
s
e
i
n
t
e
n
s
i
v
e
l
i
v
e
s
t
o
c
k
operations.
Table 70
3a 8
I
N
T
E
N
S
I
V
E
L
I
V
E
S
T
O
C
K
O
P
E
R
A
T
I
O
N
S
B
Y
C
O
U
N
T
Y
1
9
6
9
(
’
)
9
In
du
ce
d
l
e
t
o
c
k
fo
ul
li
eu
-t
ed
Al
i-
1
Hu
t.
Ho
.
No
.
No
.
No
.
No
.
No
.
A
L
E
-
0
2
;
“
Fa
r-
o
Po
ul
tt
z
Fa
r-
n
Ca
tt
le
Fa
rm
s
Sw
in
e
Po
ul
tt
x
Ca
tt
le
Sw
in
e
PSA 2.1
Mi
ch
ig
n
‘
.
Di
ck
in
so
n
—
-
1
11
2
—
-
—
56
00
-
Ir
on
—
-
1,
3
35
1
-
-
—
1,
17
55
0
-
Me
no
mi
ne
e
1
10
,0
00
-
25
34
78
-
-
31
00
—
17
39
00
-
Wisconsin
'T
r'
ou
T‘
1
10
,0
00
11
3
19
44
0
a
13
02
31
00
97
20
00
13
02
0
Ca
lu
le
t
1
10
,0
00
-
80
11
06
21
,
3
12
23
31
00
-
55
31
00
1/
12
23
0
Do
or
—
-
24
24
00
i,
4
10
57
—
12
00
00
I,
10
57
0
Fl
or
en
ce
-
—
4
40
0-
—
—
-
z
o
o
m
.—
-
Fo
nd
Du
La
c
3
86
,9
60
14
0
18
89
9
59
21
87
3
26
95
7
94
49
50
21
87
30
Fo
re
st
—
—
4
.4
66
-
-
—
23
30
0
-
Gr
ee
n
La
ke
1
10
,0
00
1!
84
11
70
1
39
12
15
7
31
00
l!
53
50
50
12
15
10
12
:2
1:
32
:
:
:
I,
:3
2.0
126
81,
5
:
1,
21
33
33
Ha
ni
to
vo
c
2
20
,0
00
—
11
9
15
38
8
5
28
44
1/
62
00
-
76
94
00
28
44
0
1/
Ha
ri
ne
tt
e
-
-
11
21
37
1
20
0—
—
10
65
80
20
00
-
Ma
rq
ue
tt
e
—
-
33
49
29
15
69
73
-
24
34
50
69
73
0
M
e
n
o
m
i
n
e
e
?
—
-
0c
on
to
—
-
1,
59
74
77
7
28
10
-
1/
37
58
50
28
10
0
Ou
tg
an
ie
1
10
,0
00
15
9
21
53
8
28
97
29
31
00
TI
10
76
90
0
97
29
0
Sh
aw
na
1
10
,0
00
-
87
11
23
9
3
73
3
31
00
-
56
19
50
7.
33
0
Sh
eb
oy
ga
n
3
40
,0
00
1,
10
1
15
64
7
13
56
35
12
40
0
1]
78
23
50
56
35
0
Ha
ud
ac
a
1
10
,0
00
-
82
11
57
4
11
46
05
31
00
I/
57
87
00
46
05
0
Ha
us
ha
ra
1
10
,0
00
I,
28
45
50
8
23
46
31
00
-—
22
78
00
23
46
0
Wi
nn
eb
ag
o
2
20
,0
00
—
68
97
59
7
20
64
62
00
48
79
50
20
54
0
To
ta
l
18
24
6,
96
0
13
03
'
18
08
21
21
9
78
23
0
76
55
7
90
41
05
0
78
22
50
To
Co
nv
er
t
Pr
o-
11
1
u
m
:
I
Po
un
d-
(l
b)
K1
10
3!
-
(h
)
0.
4
y
Es
ti
ma
te
d
tr
o-
m-
be
t
of
u
r
-
y
In
cl
ud
ed
in
Sh
ow
-n
o
Co
un
ty
Hi
gh
De
ns
it
y,
No
ns
ew
er
ed
Re
si
de
nt
ia
l
Ar
ea
s
Th
e
to
ta
l
am
ou
nt
of
no
ns
ew
er
ed
re
si
de
nt
ia
l
ho
us
es
ex
cl
ud
in
g
fa
rm
s
in
th
e
19
70
Ce
ns
us
fo
rm
ed
26
pe
rc
en
t
of
th
e
to
ta
l
hO
us
in
g
un
it
s
in
Pl
an
ni
ng
Su
ba
re
a
2.
1.
Th
is
me
an
s
th
at
83
,1
17
no
nf
ar
m
re
si
de
nt
ia
l
un
it
s
we
re
no
t
co
nn
ec
te
d
to
th
e
pu
bl
ic
se
we
r
sy
st
em
ou
t
of
a
to
ta
l
ho
us
in
g
st
oc
k
of
32
2,
44
8c
ii
x
pe
rc
en
t
(5
,0
45
un
it
s)
of
th
e
no
ns
ew
er
ed
ho
me
s
we
re
in
ur
ba
n
ar
ea
s,
wi
th
th
e
re
ma
in
in
g
94
pe
rc
en
t
(7
8,
07
2
un
it
s)
lo
ca
te
d
in
ur
ba
n
ar
ea
s.
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Table 71
HIG
H D
ENS
ITY
,
NON
SEW
ERE
D
RES
IDE
NTI
AL
ARE
AS
BY
COU
NTY
,
197
0(9
)
 
2
8
9
Non-Sewere
d Househol
ds
Urba
n
Rura
l No
nfar
n
Comb
ined
Total
Housi
ng
Perce
nt of
Total
Perce
nt of
Total
Perce
nt of
Total
PSA 2
.1
Units
Numbe
r H
ousin
g Uni
te
Numbe
r Ho
using
Units
Numbe
r
Houel
ng Un
ite
{itch
igan
.
Dick
inso
n
8656
448
2218
76
r
2666
31
Iron
6113
34
2483
41
2517
41
Meno
mine
e
8893
80
4116
46
4196
47
Wisconsin
Brown
44763
957
Calum
et
7622
170
Door
8075
123
Florenc
e
1575
0
Find
Du La
c
25288
237
Fores
t
3661
0
Greenlake 6444
123
Kewaune
e
5739
73
Langlade 7564
75
Hanitow
oc
25126
95
Harinet
ta
14388
129
Marquet
te
3652
0
Menomin
ee
550
0
0cont
o
9478
81
Outga
mie
33561
613
Shawa
no
11112
11
Shebo
ygan
30897
98
Waupa
ca
13231
196
Waushar
a
6708
14
Winne
bago
39352
1488
TOTA
L
3224
48
5045
m
H
v
-
ﬁ
V
V
3429
8
4386
10
184
9
24
201
9
27
422
0
52
434
3
54
1064
68
1064
68
496
3
20
'
520
0
21
2562
70
2562
70
199
6
31
211
9
33
1349
24
1422
25
3414
45
3489
46
408
9
16
118
4
17
589
3
41
602
2
42
2194
60
2194
60
233
42
233
42
3785
40
3866
41
4616
14
5229
16
4775
43
4786
43
531
3
17
541
1
18
433
9
33
453
7
34_
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4438
66
4748
12
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24
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 RecreationalyLand Use
Planning Subarea 2.1 encompasses a three county area of Michigan and a
twenty county area of Wisconsin. Located along the northwestern shores of
Lake Michigan, the area contains large tracts of public forest lands and
many inland lakes and rivers. Lake Winnebago, Wisconsin's largest inland
lake, lies in the southern portion of the Planning Subarea. The area is
predominantly non—urban in character, with most of the population located
in the southern portion.
This Planning Subarea is a popular vacation land for the Milwaukee and
Chicago SMSAS' south of it in Planning Subarea 2.2, and so receives much
use in the summer tourist season, and, to a lesser extent, in the winter
ski season. Recreation activities range from primitive camping in state
and national forests to town and city parks. The northern portion of the
subarea, due to its greater distance from the urban population portion of
Milwaukee and Chicago, contains more primitive areas — forest camping,
canoeing and fishing are popular. Water quality influences from these types
of activities will have a lower total impact than will more developed areas,
and will OCCur primarily from erosion and sewage. Boating along Lake
Michigan's shore in this northern portion is relatively undeveloped because
of the rocky waters and streams common there. The southern portion of the
planning subarea and the Door Peninsula contains the majority of the state
parks in Planning Subarea 2.1. Developed campsites in the state parks, at
county and city parks, and at privately owned sites are scattered through
the area. Most of the large inland lakes, such as the Lake Winnebago complex
and Green Lake are in this southern portion and receive much usage for ‘
boating. Extensive reaches of the Fox and Wolf Rivers are also suitable
for powerboating. Water quality problemscan arise from erosion at launching
points and marinas, sewage disposal problems, and gasoline spillage and
wastes. The use of Green Bay for recreation is hampered by water quality
problems, particularly near the city of Green Bay, but is still popular
for boating. Numerous ski resorts are found in the subarea, with possible
water quality problems resulting from inadequacies of sewage systems and
erosion, See Figure 128.
ELANNING SUBAREA 2.2
Disposal Operations
Liquid Waste Disposal
A limited number of liquid waste disposal operations are located in
this heavily industrialized, heavily populated planning subarea. Increasing
land values and population pressures have decreased the amount of land
available for disposal sites.
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)(4)
PSA 2.2
Illinois
Cook
DuPage
Kane
Lake
McHenry
Will
Indiana
Lake
LaPorte
Porter
Starke
Wisconsin
Kenosha
Milwaukee
Ozaukee
Racine
Walworth
Washington
waukesha
TOTAL
Number
of
Sites
H
P
‘
P
‘
P
‘
H
10
Annual Average
Dred in
Cubic Meters
205,100
16,280
104,940
31,310
11,750
31,980
5,910
13,390
470,660
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c
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s
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c
Me
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s
268,100
21,280
137,180
40,930
15,360
41,800
7,720
17,510
549,880
Polluted Sediments
RequiringVConfinement
205,100
6,510
104,940
7,830
8,810
31,980
4,430
13,390
382,990
268,100
8,512
137,180
10,233
11,520
41,800
5,790
17,510
500,645
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 Deepwell Disposal
Planning Subarea 2.2 contains a total of five deepwell disposal
operations. All of these are located in the Indiana portion of the subarea,
and are used for the disposal of industrial wastes. According to available
information, there have been no major problems from these disposal sites.
Depths range from 90 meters (295 feet) to 1,325 meters (4,348 feet).
Table 75
DEEPWELL DISPOSAL SITES, 1973(2’3d)
.
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Erosion
Lakeshore Erosion
of the 325 kilometers (202 miles) of shoreline in Planning Subarea
2.2, there are no areas not subject to erosion. Twenty—two percent of the
shoreline is subject to critical erosion base on the economic loss criteria.
Protected shoreline accounts for 42 percent, or 153 kilometers (95.3 miles)
of the shoreline.
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Bgverbank Erosion
Of the total 7,984 kilometers (4,940 miles) of riverbanks in
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Sub
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onl
y a
bou
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Table 78
MODERATE AND SEVERE RIVERBANK EROSION, 1969
(in miles)
(7)
  
Watershed
PSA
2.2
Unde
r 40
0 39
mile
s
Over
400
39 m
iles
Comb
iHEd
Tota
l
Moderate 89 3 92
Severe 23 0 23
TOTAL 112 3 115
To C
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29
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By
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(mi)
Kil
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s (
km)
1.6
09
Squ
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(sq
mi)
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s (
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2.5
9
Intensive Livestock Qperations
The
re
are
app
rox
ima
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y
1,3
34
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liv
est
ock
ope
rat
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s
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Pla
nni
ng
Sub
are
a 2
.2.
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en
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pou
ltr
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per
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bir
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r 1
00
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d a
pie
ce,
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ain
ing
362
ope
rat
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s
con
tai
n
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r
200
swi
ne
api
ece
.
Bas
ed
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n
the
est
ima
ted
ani
mal
was
tes
pro
duc
ed,
pou
ltr
y
yie
lds
a t
ota
l
of
161
,58
5 k
ilo
gra
ms
(35
5,9
15
wet
pou
nds
)
of
ani
mal
man
ure
per
day
.
Cat
tle
pro
duc
e
aro
und
4,0
74,
605
kil
ogr
ams
(8,
974
,90
0 w
et
pou
nds
)
per
day
,
whi
le
swi
ne
pro
duc
es
644
,34
9 k
ilo
gra
ms
(1,419,270 wet pounds) per day.
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Ta
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79
INTENSIVE LIVESTOCK OPERATIONS BY COUNTY, 1969 (3a) (8)
Estimated
Livestock
Total
Estimated
Animal Wa
ste
Poultry
Cattle
Swine
'_
Net lbs/d
ay
PSA 2.
2 F
arms
Number
Farms
Number
Farms
Number
Poultr
y
Cattle
Swine
   
Illi
nois
Cook .
1
10000
10
3056
4
2325
3100
152800
23250
DuPage
3
300
7
2537
15000
25370
Kane
156
41916
80
30205
209580
0
302050
Lake
10000
27
6471
7
2444
3100
323550
24440
McHenry
20000
110
24991
50
17891
6200
1249550
178910
Will
1
446650
45
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29
16614
138461
459350
166140
H
N
O
2
9
8
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a
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88090
LaPort
e
293500
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9792
36
15488
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20627
212050
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Starke
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12
2913
11
5561
37310
145650
55610
(
'
3
c
h
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nsin
Kenos
ha
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53
8003
7
1869
3100
40015
0
18690
Milwaukee
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Ozauke
e
43
5742
10
3479
287100
34790
Racin
e
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58
9718
14
5240
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48590
0
52400
Walwo
rth
57000
156
24769
47
16038
17670
12384
50
16038
0
Wash
ingt
on
64071
69
9321
10
3291
19862
46605
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the
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e r
efu
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HIGH DENSITY, NON—SEWERED RESIDENTIAL AREAS BY COUNTY, 1970
(9)
PSA 2.2
Total Housing
Units
Non-Sewer
ed Househ
olds
 
Num
ber
Percent of-
Total
HousingrUnits
Rural
Combined
 
Illinois
Cook
DuPage
Kane
Lake
McHenry
Will
Ind
ian
a
Lake
LaP
ort
e
Porter
Starke
3
0
3
Wisconsin
Kenosha
 
Milwaukee
Ozaukee
Racine
Walworth
1852902
143389
77047
108017
347
55
73399
166864
332
03
25842
69
36
571
38
349
592
15280
52013
21139
Washington 17878
waukesha
TOTAL
636
82
3078076
26689
191
68
4337
8457
35
62
108
88
19165
3175
6526
259
624
9023
1606
1044
1
9
2
14
52
195
68
135735
14
10
15
1
2
10
2
5
N
11
N
H
m
H
_Num
ber
4124
4823
46
78
16726
114
00
7
7
1
2
5
7
3
2
8560
7110
4104
6494
2777
74
26
7853
5601
9
4
0
5
116525
Perce
nt of
Total
ngsin
g Unit
s Nu
mbe
r
Percent of
Total
Housing Units
 
1
3
6
16
33
1
3
2
6
28
60
18
18
14
37
3
1
15
308
13
23991
70
15
25183
14
96
2
20600
24897
11735
136
36
4363
71
18
7023
4383
8470
8045
7053
28973
252260
1
7
1
2
2
3
43
28
15
35
5
3
6
3
19
2
9
16
3
8
4
0
4
6
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 PLANNING SUBAREA 2.3
Disposal Operations
Liquid Waste Disposal
 
This
planning
subarea
has
a
larger
number
of
liquid
waste
disposal
area
than
any
other
subarea
within
the
Lake
Michigan
basin.
The
more
favorable
climatic
and
environmental
conditions
in
this
planning
subarea,
and
the
large
number
of
food
processing
plants
located
here
have
induced
the
development
of
liquid
waste
disposal
sites.
The
majority
of
the
sites
employ
either
lagoons
or septic tank tile fields.
Table 81
LIQUID
WASTE
DISPOSAL,
1973(2)
Type of Discharge
Spray Septic Tank Surface
PSA 2.3
Operations Industrial Municipal Lagoon Irrigation Tile Field of Ground
Indiana
Elkhart
Lagrange
Marshall
Noble
St. Joseph
Steuben
Michigan
Allegan 20 18 2 9 2 9
Barry 9 8 l 7 1 l
Berrien 20 19 l 8 2 6 4
Branch 6 6 2 4
Calhoun 8 7 l 5 l ‘ 1
Cass 9 8 l 5 3 1
Clinton 4 2 2 l l 2
Eaton 6 4 2 3 l 2
Hillsdale 8 8 3 l 3 l
Ingham 3 3 2 1
Ionia 13 13 5 1 4 3
Jackson 35 32 3 l3 l6 6
Kalamazoo 36 36 15 1 l3 7
Kent 22 19 3 5 4 9 4
Montcalm 9 7 2 3 1 3 2
Ottawa 34 32 2 12 1 l9 2
St. Joseph 15 13 2 4 l 6 4
Shiawassee 6 6 4 2
Van Buren 20 18 2 8 4 6 2
TOTAL 283 259 24 114 19 108 411
Solid Waste Disposal
Planning Subarea 2.4 contains approximately 236 solid waste disposal
operations. Numbers shown in Table 82 may be understated for Indiana due to
more complete information available for Michigan.
Som
e p
rob
lem
s h
ave
occ
urr
ed
in
the
pas
t i
n t
his
pla
nni
ng
Sub
are
a
with the seepage of wastes into shallow confined aquifers.
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Tabl
e 8
2
SOLID WAS
TE DISPOS
AL SITES
BY COUNTY
, 1973
(2.3c)
 
PSA 2.3
Ind
ian
a
Elkhart
Lagr
ange
Marshall
Noble
St. Joseph
Steuben
Mich
igan
All
ega
n
Barry
Berrien
Bra
nch
Cal
hou
n
Cass
Cli
nto
n
Eaton
Hillsdale
Ingham
Ionia
Jac
kso
n
Kalamazoo
Kent
Mont
calm
Ott
awa
St. Joseph
Shawassee
Van Buren
TOT
AL
Total
\
‘
I
’
N
r
-
I
t
ﬁ
H
2
7
13
10
15
1
6
10
11
14
1
5
19
236
Sanitary
Inciner—
Landfi
ll at
ion
2
7
1
3
10
r
-
u
n
s
c
x
o
m
N
9
0
Modified
Land
fill
[
\
m
m
m
m
3
2
Open
Dump
c
o
w
-
4
m
m
1
2
Construc—
t
i
o
n
Debris
@
Q
H
N
N
I
—
I
N
2
1
Not
Com— Identi-
posting fied
Q
'
N
r
-
l
l
-
n
v
—
I
o
o
<
r
c
o
m
M
G
Q
’
7
2
Popu— Acerage
lation
Capa—
Served
74,
807
167,000
48,
492
261,039
cit
ies
712
507790 cu yds
 
 
Dredge Spoil Disposal
On an average annual basis, 5 harbors in PSA 2.3 are dredged
‘
of 286,830 cubic meters (374,940 cubic yards) of material. Of this, 34
percent contains polluted sediments requiring confinement. Two harbors,
Grand Haven and Holland, currently use a diked system for the disposal of
the polluted sediments.
Table 83
AVERAGE ANNUAL VOLUME OF DREDGE SPOIL DISPOSAL (1961—1970)(4)
 
Number AnnualAverage Polluted Sediments
of Dredging Requiring Confinement
PSA 2.3 Sites Cubic Meters Cubic Yards Cubic Meters Cubic Yards
Indiana
Elkhart
Lagrange
Marshall
Noble
St. Joseph
Steuben
Michigan
Allegan 2 93,930 122,780 25,070 33,552
Barry
Barrien 1 45,480 59,450 13,640 17,835
Calhoun
CaSS
Clinton
Eaton
Hillsdale
Ingham
Ionia
Jackson
Kalamazoo
Kent
Montcalm
Ottawa 1 111,990 146,390 50,390 65,876
Shiawasee
Van Buren 1 35,430 46,320 8,860 11,580 ;
 
TOTAL 5 286,830 374,940 98,560 128,843
Deepwell Disposal
In
Pla
nni
ng
Sub
are
a 2
.3
the
re
are
six
dee
pwe
ll
dis
pos
al
ope
rat
ion
s
loca
ted
in K
alam
azoo
and
Otta
wa C
ount
ies.
All
are
used
for
the
disp
osal
of i
ndus
tria
l wa
ste
and
rang
e in
dept
h fr
om 4
50 m
eter
s (
1475
feet
) t
o 18
00
meters (5910 feet). Pollution of aquifers by introduction of man-made
contaminants was a serious local problem in this area before state regulation
began. Deepawell disposal operations should continue to be carefully monitored,
therefore, to prevent any possible problems.
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 Erosion
Lakeshore Erosion
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s
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d
sa
nd
ba
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s
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e
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ng
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d
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th
e
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ve
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er
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st
or
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an
d
wi
nd
s.
Pl
an
ni
ng
Su
ba
re
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2.
3
ha
s
a
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l
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4
ki
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Mi
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sh
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el
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e.
Of
th
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36
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n,
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ri
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l
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os
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g
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Th
er
e
ar
e
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ea
s
no
t
su
bj
ec
t
to
er
os
io
n
of
some form.
Table 85
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d
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ye
d
graphically on Figure 134.
Table 86
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d
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l
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n
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.6
4.
3
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.9
Barry
Be
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ie
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.6
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2
35
.8
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Hillsdale
Ingham
Ionia
Jackson
Kalamazoo
Kent
Montcalm
Ot
ta
wa
20
.7
3.
8
24
.5
St. Joseph
Shiawassee
Va
n
Bu
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n
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1.
9
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TA
L
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.2
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.2
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.4
To
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t
Fr
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s
(mi
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Ki
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con
tai
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s
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,00
0 m
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se,
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r
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t
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t
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Sev
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sio
n a
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s
for
28
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cen
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f t
his
tot
al,
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e e
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ion
affecting the remaining 72 percent.
 
Table 88
MODERATE AND SEVERE RIVERBANK EROSION, 1969(7)
(in miles)
watershed
PSA
2.3
Und
er
400
39
mil
es
Ove
r
400
59
mil
es
Com
bin
ed
Tot
al
Mod
era
te
380
281
661
Se
ve
re
22
1
31
25
2
TOT
AL
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To
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t
Fro
m
To
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tig
lz
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(mi
)
Kil
ome
ter
s
(km
)
1.6
09
Squ
are
Mil
es
(Sq
mi)
Squ
are
Kil
ome
ter
s
2.5
9
(sq km)
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 Livestock O erations
In Planning Subarea 2.3 there is a larger number of intensive livestock
operations than any of the other subareas in the Great Lakes Basin.
There
is a total of 3,611 intensive livestock, of which 71 percent are cattle
operations with over 100 head and 24 percent are operations with over 200
swine.
Based on the conVersion ratio presented in Dr. Loehr's findings
poultry produces 492,555 kilograms (1,084,925 wet pounds) and swine
1,634,854 kilograms
(3,601,000 wet pounds)
from these livestock operations.
Due to the large number of operations in this planning subarea, the
potential for problems is evident, unless good waste management is provided.
Table 89
(3a) (8)
INTENSIVE LIVESTOCK OPERATIONS BY COUNTY, 1969
Estimated Livestock Total
Estimated Animal Waste
Poultry
Cattle
Swine
Net lbs/day
Farms
Number
Farms
Number
Farms
NumberV Poultry
Cattle
Swine
PSA 2.3
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E
l
k
h
a
r
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1
7
0
0
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2
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0
0
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0
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 High Density, NonSewered Residential Areas
Of
the
total
805,646
housing
units
in Planning
Subarea
2.3,
41 percent
or 327,298 units were classified as nonsewered in the 1970 Census.
0f
the nonsewered households 31 percent
(102,507 units) in rural areas.
In
Kalamazoo County,
33 percent of the total housing units are classified as
urban nonsewered.
Care
must
be
taken
in
the
southern
portion
of
this
planning
subarea with
the
installation and maintenance
of
septic
tank
systems due to poor soil drainage.
Table 90
HIGH
DENSITY
NONSEWERED
RESIDENTIAL
AREAS,
1970(9)
  
Nonsewered Households
Urban Rural ﬂgnfarm Combined
Percent Percent Percent
Total
of Total
of Total
of Total
Housing
Housing
Housing
Housing
Units
Number
Units
Number
Units
Number
Units
PSA 2.3
Indiana
Elkhart
40570
8127
20
10079
25
10079
45
LaGrange
6310
0
O
3647
58
3647
58
Marshall
11546
216
2
3608
31
3824
33
Noble 10835 0 0 4410 41 4410 41
St. Joseph 78828 12173 15 7106 9 19279 25
Steuben 7562 32 21 3728 49 3760 50
Michi an
Allegan 21284 785 4 12941 61 13726 65
Barry 13097 93 1 7724 59 7817 60
Berrien 55084 5772 11 20795 38 26567 48
Branch 12646 293 2 5749 46 6042 48
Calhoun 46502 8456 18 12282 26 20738 45
Cass 15572 863 6 10115 65 10978 71
Clinton 14078 926 7 6716 48 7642 54
Eaton 20672 741 4 7578 37 8319 40
Hillsdale 12783 168 1 7172 56 7340 57
Ingham 81024 2464 3 6166 8 8630 11
Ionia 13862 542 4 5693 41 6235 45
Jackson 44035 10039 23 14724 33 24763 56
Kalamazoo 62059 20142 33 11713 19 31855 51
Kent 130422 22649 17 13928 11 36577 28
Montcalm 13989 220 2 7326 52 7546 54
Ottawa 37258 7168 19 14273 38 21441 58
St. Joseph 16375 191 1 7910 48 8101 50
Shiawassee 19371 308 2 8443 44 8751 45
Van Buren 19882 139 7 10965 55 11104 56
TOTAL 805646 102507 13 224791 28 327298 41
315
 Recreational Land Use
 
This planning subarea is comprised of a nineteen county area of
southwestern Michigan and six counties in northern most Indiana. The
subarea contains many miles of picturesque Lake Michigan shoreline,
numerous lakes, and several outstanding recreation areas, among them the
Waterloo Recreation Area, Yankee Springs Recreation Area, and the Allegan
State Forest. lbst of the numerous inland lakes are available for
recreational boating. In addition, the extensive network of river and
streams contains many miles suitable for canoeing. The planning subarea
contains no large urban center, but does contain numerous urban areas of
moderate sizes, including Grand Rapids, Lansing, Kalamazoo, and South
Bend.
This planning subarea attracts many people from outside its boundaries
for recreation purposes, especially for weekend and vacation use. Many
of these people come from the Chicago and Detroit Metropolitan areas and
northern Indiana. The concentration of people creates heavy pressures
on this subarea's recreational activities. Activities available range
from five camp areas in the Allegan State Forest to numerous urban
parks and golf courses. Over 180 children's camps and about 275 private
campgrounds are located in the planning subarea. These sites will have
an influence on water quality from the various activities such as swimming,
boating, and games on playfields that the campers participate in, in
addition to possible sewage problems at camp areas with inadequate sewage
facilities. The eight State parks and recreation areas have on the
average over 300 camping sites and a broad range of activities which
draw heavy usage. These State parks and recreation areas also contain
a large amount of undeveloped acreage which has few adverse effects on
water quality at the present time, but could with future development.
One activity popular at both the State parks and the childrens' camps and
private campgrounds mentioned above is horseback riding. This can
contribute to accelerated erosion and waste problems. The available
boating areas are heavily used and are often crowded. Water quality
influences important in these areas will result from gasoline spillage,
litter, wastes, and possible accelerated erosion at launching sites and
on shorelines.
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PLANNING SUBAREA 2.4
 
Disposal Operations
Liquid Waste Disposal
 
This planning subarea contains a total of 145 liquid waste
disposal operations. One hundred thirty of these are used for industrial
discharge. However, a major municipal liquid waste disposal operation
is located at Muskegon, Michigan, serving a population of 170,000.
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Solid Waste Disposal
 
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
2.4
c
o
n
t
a
i
n
s
a
t
o
t
a
l
of
2
2
6
s
o
l
i
d
w
a
s
t
e
d
i
s
p
o
s
a
l
operations.
In
this
more
rural,
less
populous
subarea
there
are
probably
more
modified
landfills.
In
the
past
there
have
been
incidents
reported
of
ground
water
contamination
resulting
from
the
solid
waste
disposal
practices
of
paper
companies
in
this
subarea.
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 pegpwell Disposal
Planning Subarea 2.4 contains 18 deepwell disposal operations,
more
than
any
othe
r s
ubar
ea i
n th
is L
ake
Basi
n.
Most
are
loca
ted
eith
er
in
Man
ist
ee
or
Mas
on
cou
nti
es
and
the
maj
ori
ty
of
the
mat
ter
dis
pos
ed
is
bri
nes
.
Dep
ths
ran
ge
fro
m 7
58
met
ers
(2,
486
fee
t)
to
1,9
85
met
ers
(6,5
14 f
eet)
.
A pr
oble
m ha
s oc
curr
ed i
n th
e pa
st a
t Lu
ding
ton
in M
ason
Coun
ty w
here
a wa
ste
brin
e we
ll b
egan
to l
eak
and
cont
amin
ated
a sh
allo
w
fresh water aquifer .
Table 94
(2. 3d)
DEEPWELL DISPOSAL SITES, 1973
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2.4
 Erosion
Takeshore Erosion
Of the 1,088 kilometers (676 miles) of shoreline in Planning
Subarea 2.4, 50 percent is subject to some form of flooding or erosion,
according to the economic loss criteria. Six percent is subject to
critical erosion, and 29 percent to noncritical erosion.
Table 95
SHORELINE EROSION FOR PLANNING SUBAREA 2.4 1970(5)
 
Kilometers Miles
1. Existing miles of shoreline 1088 676
2. Length and location of critical erosion areas
a) Muskegon Co., Michigan 21 13.3
b) Oceana Co., Michigan 5 3.1
c) Mason Co., Michigan 7 4.2
d) Manistee Co., Michigan 16 9.8
e) Benzie Co., Michigan 7 4.2
f) Leelanau Co., Michigan 12 7.4
TOTAL 68 42.0
3. Shoreline subject to noncritical erosion 313 194.4
4. Protected shoreline 73 45.1
5. Shoreline subject to flooding 90 56.3
6. Shoreline not subject to flooding or erosion 544 338.2
The number of miles of each shore type is important in the con-
sideration of the amount of geologic erosion. Miles of the various shore
type
s fo
r PS
A 2.
4 ar
e sh
own
in T
able
96.
Thes
e sh
ore
type
s ar
e di
spla
yed
in Figure 138.
Table 96
SHORE TYPES, PLANNING SUBAREA 2.4 l970<50
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Artificial Fill Area A 2
Erodible High Bluff HBe 117
Non
ero
dib
le
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HBn
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PSA 2.4 SHORE TYPE [5]
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Table 97
1973 HIGH RISK EROSION MILEAGE(6)
 
Developed UndeveloEed Total
PSA 2.4
Michigan
Antrim 17.6 5.2 22.8
Benzie 5.0 15.6 20.6
Charlevoix 6.0 14.0 20.0
Delta 9.9 5.6 15.5
Emmet 28.4 29.3 57.7
Grand Traverse 9.1 6.0 15.1
Kalkaska —— -- ——
Lake —- —— -—
Leelanau 30.5 24.9 55.4
Mackinac 2.8 6.2 9.0
Manistee 13.6 10.2 23.8
Mason 10.8 12.9 23.7
Mecosta —- -— -—
Missaekee —— —— --
Muskegon 22.6 4.3 26.9
Newaygo —— —- -—
Oceania 21.2 6.4 27.6
Osceola -- —- --
Roscommon -— -- --
Schoolcraft .9 1.5 2.4
Wexford -- -- '—
TOTAL 178.4 142.1 320.5
To Convert From 29 Multiply Bx
Miles (mi) Kilometers (km) 1.609
Riverbank Erosion
Of the 33,499 kilometers (20,820 miles) of streambank in Planning
Sub
are
a 2
.4,
abo
ut
fiv
e p
erc
ent
is
sub
jec
t t
o e
ith
er
mod
era
te
or
sev
ere
ero
sio
n.
A t
ota
l o
f 1
,74
3 k
ilo
met
ers
(1,
085
mil
es)
is
sub
jec
t t
o e
ros
ion
.
Six
ty-
six
per
cen
t o
f t
his
is
sub
jec
t t
o m
ode
rat
e e
ros
ion
wit
h t
he
rem
ain
ing
584 kilometers (363 miles) subject to severe erosion.
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Intensive Livestock Operations
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 Fi gure 139
PSA 2.4 INTENSIVE LIVESTOCK OPERATIONS Legend: Number of Animal Production 1 l
Facilities [by county] F
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Battle 0
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 Recreational Land Use
 
Planning
Subarea
2.4
is
located
entirely
within
the
State
of
Michigan
‘
and
contains
counties
in
both
the
Upper
and
Lower
Peninsulas.
This
land
l;
area
has
many
high
quality
recreational
areas,
including
Sleeping
Bear
Dune, Grand Traverse Bay,
and the adjacent shoreline.
The Big Bay DeNoc
;
area of the Upper
Peninsula is important both as a waterfowl area and as an
i
area
of
aesthetic values.
Outcroppings
of dolomite
and
limestone
periodi-
k’
cally
form
scenic
points along
the
relatively undeveloped
Upper
Peninsula
shore.
Inland lakes are numerous and there is an extensive network of
rivers
and
streams
used
for
canoeing.
This planning
subarea attracts
many
people from outside its boundaries for recreation purposes,
especially for
weekend and vacation use.
Public and privately owned lands are expanding
rapidly to meet these needs.
The planning subarea does not contain
exceptionally large cities; however, there are numerous small urban places
distributed throughout.
Popular recreational activities in the planning subarea range from
fishing, canoeing and camping in the summer months to skiing and snow-
mobiling during the winter.
Camping areas have a total of over 20,000
sites, including both primitive areas in the Hiawatha and Manistee National
Forests and developed private sites and state parks with a wide range of
facilities. In addition, many of the city and county parks are developed
for weekend camping use. Water quality influences from the various types
of camping will vary according to intensity of use, with sewage and erosion .y
being the major problems. Good canoeing waters, such as the Manistee and
Pere Marquette, draw many canoeists annually and are also enjoyed at the
youth camps in the subarea. The primary water quality problem from canoeing
occurs from accelerated erosion at portage points. The Cross Michigan
Riding and Hiking Trail passes through a portion of the planning subarea
and can have problems of erosion in heavily used areas, in addition to
litter and sewer wastes. Recreational boating on Lake Michigan is generally
limited to sheltered bays or to the area immediately adjacent to harbors. ,
Inland lakes, some of which are quite large, are also popular for boating E
and fishing and receive much use in the summer months. Water quality 5
problems can result from marine engine wastes, human waste, litter and
erosion. Winter sports draw many people to the area yearly and can have
important water quality influences. Accelerated erosion and sewage can
be problems at ski resorts, and snowmobiling can contribute lead, hydro~
carbons, and CO to the environment in addition to accelerated erosion from
trails and destruction of vegetation and cover. Urban recreational uses
are not as important in this planning subarea as in more urbanized areas
in the Basin. However, there are quite a few golf courses, some of which
are aimed at the vacationist, with possible nutrient run—off problems.
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 MATERIALS USAGE
BASIN CHARACTERISTICS
The Lake Michigan basin is comprised of 86 coonties; 43 in Michigan, 27
in Wisconsin, 10 in Indiana, and 6 in Illinois.
The counties have a total
land area of 13,043,293 hectares (32,229,536 acres).
The northern portion of
the area (PSA's 2.1 and 2.4) is over 50 percent forested, with only relatively
small, but significant, agricultural areas.
In contrast, the southern portion
of the area is largely cropland, with minor contributions from forest and
pasture lands.
Agricultural Characteristics
The Lake Michigan basin ranks first in agricultural production accounting
for about 45 percent of the land in farms in the entire Great Lakes Basin.
Livestock production is important. Production levels are projected to remain
fairly stable. Planning Subarea 2.1 is a particularly important agricultural
area, ranking first in the Great Lakes Basin in the production of beef and
dairy products. Related to these levels of livestock production are high
levels of feed crop production. The basin produces substantial shares of other
crops as well. Over halfof the Basin's fruit output is grown in this lake
basin, primarily in Planning Subareas 2.3 and 2.4. Potato and commercial
vegetable production are also significant, and this basin's share is expected
to increase.
Table 101 indicates the relative proportions of materials usage in the
Lake Michigan basin as compared to the total U.S. Great Lakes Basin.
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Materials Usage
An inventory and analysis of materials usage was made based on personal
interviews, correspondence and statistics as available from agricultural
statistics, cenSus information, state highway departments, universities,
private companies, and state and Federal agencies.
analysis is presented in a later section.
findings of this inventory and analysis.
Table 103.
Background for the
Table 102 summarizes the
Detailed statistics are shown in
 
Table 102
MATERIALS USAGE
(in 1972)
Chemicals Commercial Limestone Salts
Applied _Livestock Fertilizer Purchased Applied on
to Crops Manure on Cropland or Applied all Highways
Area (100 lbs) (tons) (tons) (tons) (tons)
Lake Michigan basin 207,927 28,607,808 1,147,386 692,732 660,771
PSA 2.1 48,980 10,323,057 234,908 81,475 86,379
PSA 2.2 44,388 5,433,693 348,908 230,117 319,912
PSA 2.3 92,563 10,669,722 487,799 321,666 189,667
PSA 2.4 21,966 2,181,336 75,771 59,474 64,813
Eg_§onvert From Eg_ Multiply By
Pounds (1b) Kilograms (kg) 0.454
Tons (ton) Kilograms (kg) 907.2
Metric Tons 0.907
 Agricultural Chemicals
 
There
was
a
total
of
7,431,300
kilograms
(20,792,660
pounds)
of
agricultural
chemicals
spread
on
agricultural
lands
in
the
Lake
Michigan
basin
in
1972.
Herbicides
accounted
for
58
percent,
insecticides
26
percent,
and
fungicides
16
percent
of
the
Chemicals
used.
This
amounts
to
1.25
kilograms
(2.75
pounds)
of
chemicals
applied
per
acre
of
harvested
crOpland.
Harvested
cropland
acres
represent
about
51
percent
of
all
land
in
farms.
Had
the
total
chemical
usage
been
equated
in
terms
of
all
farmland,
6,001,200
hectares
(14,828,769
acres),
the
rate
would
have
been
0.64
kilograms
(1.4
pounds)
of
chemicals
applied
per
acre.
Had
it
been
equated
in
terms
of
the
total
land
area,
it
would
have
amounted
to
0.29
kilograms
(0.65
pounds)
of
chemicals
applied per acre.
Herbicide
usage
is
expected
to
increase
about
10
percent
and
fungicide
usage
about
5 percent
in the
next
ten years
in the
basin
as
a whole.
Most
chemical authorities expect
that insecticide usage may not be greater and
perhaps even decrease in the next
ten years.
However,
insecticide
usage is
expected to increase in the next five years but
to decrease progressively
after that.
One of the problems
concerning the use of chemicals, even if effective
in performing their
functional roles,
is that some residue will remain in the
soils.
In the case of herbicides, this is known as "carryover" and in the
case of insecticides as "persistence."
It is believed that the persistence
associated with insecticides will be almost entirely eliminated in the future,
and that carryover in herbicides will be greatly reduced, if not also eliminated.
Animal Wastes
It
is
calculated
that
25.947.280 metric
tons
(28,607,808
tons)
of wet manure are produced annually.
Of this amount 80 percent is produced
from cattle, 9 percent from horses, 8 percent from swine, and the remaining
3 percent from other types of livestock. Nitrogen, phosphorous and potash
combined comprise 1.2 percent of the total manure defecated. Total.livestock
numbers, and hence manure production levels, are not likely to decrease.
Commercial Fertilizers
A total of 1,040,909 metric tons (1,147,386 tons) of commercial
fertilizers were applied to crops in the Lake Michigan basin in 1972. Primary
nutrients of nitrogen, phosphorus and potash comprise 503,188 metric tons
(554,783 tons) or 48 percent of the total tonnage. Nitrogen accounts for
33 percent, phosphorus 30 percent, and potash 37 percent of the primary nutrient
content by weight.
Commercial fertilizer use may continue at about present levels.
Farming will tend to be concentrated on fewer, but larger farms. Commercial
fertilizer use on these larger farms will increase, as will the percent
applied in liquid form. Overall, fertilizer rates will probably continue to
increase modestly, with the greatest increase in nitrogen usage.
Lime
A
tot
al
0f
628
,43
6
met
ric
ton
s
(69
2,7
32
ton
s)
of
lim
est
one
was
used in the Lake Michigan basin in 1972. Lime is important in terms of its
water quality impacts due to its effects on the pH level of water and subsequent
335
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effects on water's acid—base relationships. The possibility of precipitating
phosphorous in the water and altering calcium content are also likely.
The usage of lime is not likely to increase in the future in
agricultural operations. This is partially predicated on the expectation that
the federal government will not increase its lime cost~sharing agreements with
farmers. Even if cost sharing agreement increase, it is not expected to
significantly affect usage rates.
Salts
Because of severe climatic conditions during winter months and the
resultant heavy snowfalls, road de-icing salts are required to keep major
roadways open. It is calculated that 599,440 metric tons (660,771 tons) of
salts were applied to highways in the Lake Michigan basin in the 1972—1973
winter. The primary impact upon ground and surface waters resulting from
road de—icing salts comes from chloride discharges which can, over time,
effect the salinity of nearby wells and open water areas. The 1972-1973
application would produce around 445,000 metric tons (490,000 tons) of chlorides.
Assuming that chlorides are conservative and that ion exchange between chlorides
and various soil types are minimal, most of the chlorides will eventuallyreach
ground and surface water areas.
Road de—icing salts will likely increase in use in approximate
prOportion to road mileage increases. The so called bare—pavement policy will
likely continue to be demanded by the public for major highways. This may be
offset by slightly lower or less frequent applications on less traveled highways.
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 Table 103
GREAT LAKES BASE! MATERIAL USAGE INVENTORY
Agricultural Chemicals. Manures, Fertilizers, Lime and Highway De—Icing Compounds
 
PLANNING AREA: Lake Michigan 2.0 STATE: Michigan, Wisconsin, Indiana, Illinois
llorthwest. 2.1, Southwest 2.2 (Michigan 'I3, Wisconsin 27,
PLANNING SUBAREA: Southeast ‘2. licrtheasc 2.h00UNTY: 86 Count! Totals Indiana 10, Illinois 6)
ACREACES & FEHILIZER I-V CENSUS FARMS 1
l
(DUNTY, land area, acres( ) 32222536 Number I-V farms
Number of farms % 5 Acres 1n I—V farm
1Acres in farms 2 7 2 Cropland I-V farms
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F
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or Acres Used Acres Acres Used
e
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 PLANNING SUBAREA 2.1
A total of 23 counties, including 20 in Wisconsin and 3 in Michigan,
comprise Planning Subarea 2.1. The counties have a total land area of 3,989,800
hectares (9,858,656 acres). Farm land equals 1,772,500 hectares (4,379,800
acres), or 44 percent of the total land area. This subarea is particularly
important in agricultural production, particularly in livestock production.
Agricultural Characteristics
 
Corn, oats, and hay or grass silage are the predominant crOps in this
planning subarea. Potatoes are important in Waushara and Lake County, Wisconsin,
and 86 percent of the total orchard acreage in this planning subarea is in
Door County, Wisconsin.
Table 104 indicates the relative proportions of materials usage in the
planning subarea in comparison with the total Great Lakes Basin.
Table 104
MATERIALS USAGE BASIN RELATIONSHIP—~PSA_2.1 T0 GREAT LAKES
Per harvested acre of cropland
Planning Subarea 2.1 Great Lakes Basin
Lbs of chemicals applied
2.20
2.66
Index of chemicals used
83
100
Tons of livestock manure defecated
4w64
3.37
Index of manure defecated
138
100
Lbs
primary nutrients in livestock manure
108
82
Index of
primary nutrients
in manure
132
100
Lbs
commercial fertilizer applied
211
321
Percent
liquid
fertilizer
applied
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22
Index commercial
fertilizer
applied
66
100
Lbs
primary
nutrients
in
commercial
fertilizer
110
153
Index
primary
nutrients
in commercial
fertilizer
72
100
Lbs
of
lime
applied
74
170
Index
of
lime
used
44
100
Per acre of total land area
Lbs
road
salts
used
16.5
41.74
Index
road
salts
used
40
100
To
Convert
From
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Multiply
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Pounds
(1b)
Kilograms
(kg)
0.454
Tons
(ton)
Kilograms
(kg)
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Metric Tons 0.907
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 Materials Usage
The
following
table
summarizes
by
county
the
material
usage
inventory
for PSA 2.1.
  
Table 105
MATERIALS USAGE
(in 1972)
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t
o
n
e
s
a
l
t
s
ippéiEd
Livestock
Fertilizer
Purchased
Applied
to
0
r0
3
M
a
n
0
'
'
PSA
2.1
(100
lgs)
($133)
Wiggiand
oEtéggiled
71%(5n23-ghways
Michigan
Dickinson
452
48,981
1,839
391
5,773
Iron
174
30,737
771
910
4,767
Menominee
323
228,570
4,035
351
2,587
Wisconsin
Brown
2.540
847,952
11,376
3,322
5,954
Calumet
2,131
609,582
7,117
1,012
2,706
Door
3,003
346,595
6,990
335
2,548
Florence
128
38,772
885
689
2,737
Fond du Lac
7,252
1,148,132
32,677
7,272
8,363
Forest
120
49,230
691
1,756
4,595
Green Lake
2,230
412,231
11,963
3,783
1,498
Kewaunee 1,531 593,972 8,076 647 2,305
Langlade 2,951 254,828 11,795 9,751 3,511
Manitowoc
3,131
909,692
12,646
1,795
4,148
Marinette 1,110 296,463 6,226 2,090 4,370
Marquette 1,222 207,886 7,361 4,180 1,900
Menominee -- --- ~ ------- -- — --- --- — -—--- -----
0conto 2,385 600,923 14,401 2,076 4,564
Outagamie 3,778 982,197 25,014 4,753 3,272
Shawano 2,299 457,327 15,483 8,337 3,773
Sheboygan 3,101 727,760 10,863 2,580 6,316
‘Waupaca 2,539 723,786 15,841 8,556 3,070
Waushara 3,908 284,141 15,538 14,003 2,076
Winnebago 2,672 523,300 13,320 2,886 5,546
TOTAL 48,979 10,323,057 234,908 81,475 86,379
To Convert From 12 I Multiylz Bx
Pounds (1b) Kilograms (kg) 0.454
Tons
(ton)
Kilograms
(kg)
907-2
Metric Tons 0-907
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Agricultural Chemicals
There were 2,221,656 kilograms (4,897,940 pounds) of agricultural
chemicals used in 1972. The major use was on crops of corn, hay or grass
silage, and grain, with smaller amounts applied to pastured cropland and
vegetables. Little is applied to fruit crops. Herbicides represented 53
percent of the total, insecticides 33 percent, and fungicides, 14 percent.
Herbicide use may increase about 20 percent in the next 10 years and fungicide
use about 10 percent. Insecticide use on grain and forage crops may increase
30-40 percent in the next 5 years, andthen decrease to levels around present P
usage in 10 years. 5
W
Planning Subarea 2.1 ranks first in the Great Lakes in the production
of beef and dairy products. There were 478,050 head of cows and heifers
calved and 510,050 head of other types of cattle. In 1972, cattle accounted
for 93 percent of the livestock manure produced and swine 5 percent. The
total livestock manure produced in PSA 2.1 was 9,365,077 metric tons
(10,323,057 tons). This represented 36 percent of the total manure produced
in the Lake Michigan basin. Ninety-three percent of the manure in PSA 2.1 was
produced by cattle, primarily dairy type.
Dairy cow numbers have declined about 20 percent and total cattle
numbers 10 percent in the last 8 years. This decline is expected to continue,
with manure production decreasing accordingly.
Commercial Fertilizers
 
There were 213,105 metric tons (234,908 tons) of commercial fertilizer
applied to croplands in PSA 2.1 in 1972. Primary nutrients represented
110,636 metric tons (121,955 tons) or 52 percent of the total. Nitrogen
comprised 26 percent, phosphorus 28 percent, and potash 46 percent of the
total amount of primary nutrients applied in the Lake Michigan basin.
Because crop production rates are expected to change only slightly
in the next 10years, usage of coummrcial fertilizers will remain at about
the same level or increase slightly.
The percent applied in liquid form
may increase slightly.
Lime
There were 73,913 metric tons
(81,475 tons) of lime purchased or
applied in PSA 2.1.
This accounts for 12 percent of the total limestone
purchaSed or applied in the Lake Michigan basin.
M
m
w
»
.
.
.
q
u
;
h
,
Liming amounts and rates will remain relatively unchanged.
Govern-
ment cost-sharing programs, if operative will not significantly affect
the
rates.
Salts
.
There
were
78,362
metric
tons
(86,379
tons)
of
road
de—icing
salts
applied
in PSA
2.1
in
1972—73
representing
13 percent
of
all
road
de—icing
salts
used
in
the
Lake
Michigan
basin.
The
amounts
of
road
de—icing
salts
may
increase
in
proportion
to
increases
in
road
mileage.
However,
increasing
salt
costs
will
limit
expanded
usage.
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Table 106
GREAT LAKES BASIN MATERIAL USAGE INVENTORY
Agricultural Chemicals, Hanures. Fertilizers, Lime and Highway De—Icing Compounds
PLANNING AREA:
PLANNING SUBAREA:
ED
Amount
Used
00 lb
Acres
Treat
Acres Used
  
 
 
 
 
 
 
Hog & Pig Number Sous Farrouing
Inventory Dec. l-May 31 June 1-Nov. 30
Year Dec. 1 Spring Fall - Total
1964 279103 HUI M262 Elﬁn
1°59 251616 3AA} S 33799 58233
1972 22h285 35160 36560 71729
We: Manure Factor; Tons per litter farrowed .2
Vet Henure Defeeated: Tons, 1972 518536
Nutrients in We: Manure: Nitrogen, tons 2593
Phosphorus, tons 26
Potash, tons I970
 
Het Manure Factor:
Her Manure Defecated:
T
Tons
Ca e
Cows & Heifers
l .lh
6281
"at Manure Defecated: Tons, 1972 Combined:
Nutrients in He: Hanure:
Nutrient.
Nitrogen,
Phosphorus
Potash, to
r
Nitrogen, tons
Phosphorus , tons
Potash, cone
tons
, tons
ns
To Convert From
Pounds (1b)
Acres (acre)
Tons (ton)
 
Heifers, Steers,
Horses 5
   
  
Michigan 3 Counties
[we Michigan 1 0 STATE: Wisconsin 20 Counties
Northwest 2.] COUNTY: Total 23 Counties
TABLE 5 FERTILIZER USED--CLASS I—V CENSUS 5
Amount COUNTY, land area, acres(i) 2858656 Number I—V farms
Number of farms 2689! Acres 1n I-V farms
       
  
Acres in farms BSZ§§OO Cropland I—V farms
Cropland in farms 2996320 Harvested cropland
Harvested cropland in farts 2226956 I-V fares
 
  
 
 
5 Fe
  
  
   
 
Crop
TABLE 8—-GROUND LIMESTONE EQUIVALENT
   
 
   
 
Tonnage no:
Government
Tonnage
Government
  
 
Total
 
Year
  
   
T
Primary Nut
Fe r
  
&
To
ns
Pu
rc
ha
se
d
Ton
s
11
ed
Pe
r
equi
Table 8
Table 9
Sa
lt
s:
Ap
pl
ie
d
on
al
l
hi
gh
wa
ys
.
to
ns
:
To
Mu
lt
ip
lx
Ex
(1
)
Co
un
ty
.
la
nd
ar
ea
,
ac
re
s
_—
in
cl
ud
es
wa
te
r
ar
ea
s
un
de
r
Kilograms(kg) 0-453 40 acres in size.
He
ct
ar
e
(h
a)
.h
0h
7
Ki
lo
gr
am
s
(k
g)
90
7.
2
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To
ta
l
la
nd
ar
ea
eq
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2,
12
2,
60
0
he
ct
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es
(5
,2
44
,8
64
ac
re
s)
,
wi
th
la
nd
s
in
fa
rm
s
eq
ua
ll
in
g
1,
22
1,
30
0
he
ct
ar
es
(3
,0
17
,8
92
ac
re
s)
or
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ou
t
55
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th
e
to
ta
l
la
nd
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ea
.
Tw
en
ty
—t
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e
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ba
re
a
is
de
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ri
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Ch
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te
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s
Mo
st
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th
e
cr
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nd
in
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is
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an
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su
ba
re
a
is
us
ed
fo
r
co
rn
,
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yb
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d
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y
or
si
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.
Nu
rs
er
y
an
d
gr
ee
nh
ou
se
pr
od
uc
ts
ar
e
al
so
im
po
rt
an
t
du
e
to the large urban population.
Ta
bl
e
10
7
in
di
ca
te
s
th
e
re
la
ti
ve
pr
op
or
ti
on
s
of
ma
te
ri
al
s
us
ag
e
in
PSA
2.2
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par
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the
tot
al
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Lak
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Bas
in.
Table 107
MAT
ERI
ALS
USA
GE
BAS
IN
REL
ATI
ONS
HIP
-—
PSA
2.2
T0
GRE
AT
LAK
ES
   
Per
har
ves
ted
acr
e o
f
cro
pla
nd
Pla
nni
ng
Sub
are
a
2.2
Gre
at
Lak
es
Bas
in
Lbs
of
che
mic
als
app
lie
d
2.2
1
2.6
6
Ind
ex
of
che
mic
als
use
d
83
100
Ton
s o
f l
ive
sto
ck
man
ure
def
eca
ted
2.7
0
3.3
7
Ind
ex
of
man
ure
def
eca
ted
80
100
Lbs
pri
mar
y n
utr
ien
ts
in
liv
est
ock
man
ure
66
82
Ind
ex
of
pri
mar
y n
utr
ien
ts
in
man
ure
80
100
Lbs
comm
erci
al f
erti
lize
r ap
plie
d
347
321
Per
cen
t l
iqu
id
fer
til
ize
r a
ppl
ied
37
22
Inde
x co
mmer
cial
fert
iliz
er
appl
ied
108
100
Lbs
prim
ary
nutr
ient
s in
comm
erci
al f
erti
lize
r
167
153
Inde
x pr
imar
y nu
trie
nts
in c
omme
rcia
l fe
rtil
izer
109
100
Lbs
of l
ime
appl
ied
229
170
Index of lime used 135 100
Per acre of total land area
Lbs road salts used 121.99 41.74
Index roadsalts used 292 100
To Convert From To Multiply By
Pounds (1b) Kilograms (kg) 0.454
Tons (ton) Kilograms (kg) 907.2
Metric Tons 0.907
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Table 108
MATERIALS USAGE
(in 1972)
C
h
e
m
i
c
a
l
s
C
o
m
m
e
r
c
i
a
l
L
i
m
e
s
t
o
n
e
S
a
l
t
s
A
p
p
l
i
e
d
L
i
v
e
s
t
o
c
k
F
e
r
t
i
l
i
z
e
r
P
u
r
c
h
a
s
e
d
A
p
p
l
i
e
d
t
o
to
Cro
s
Manure
on
Cr
’
M
2
.
(
1
0
0
1
8
s
)
_
_
§_
t
g
n
_
s
_
2
_
_
(
t
o
g
g
i
a
n
d
s
o
ﬁ
é
g
g
i
l
w
ﬂ
i
n
g
i
i
g
h
w
a
y
s
Illinois
C
o
o
k
1
3
8
7
1
5
2
4
3
5
2
0
3
1
5
4
1
3
5
1
1
4
4
9
5
D
u
P
a
g
e
8
9
9
5
9
3
8
0
8
7
1
9
2
9
2
6
1
0
5
8
8
K
a
n
e
4
1
1
4
6
8
4
4
2
6
‘
2
8
8
9
2
2
9
1
2
0
7
7
4
5
Lake
1249
264826
6813
1844
21024
M
c
H
e
n
r
y
4
1
4
9
7
6
9
8
6
3
27277
2
1
1
6
0
6
1
7
9
Will
5866
455059
30754
56750
18130
Indiana
Lake
2798
195889
19608
14022
28496
LaPorte
4817
295107
44602
38108
11297
Porter
2534
184506
30673
17919
10594
Starke
2287
105599
36763
14158
5794
Wisconsin
Kenosha
1796
234233
12377
3258
5886
Milwaukee
268
19186
1008
6
40861
Ozaukee
1684
253274
7501
783
2038
Racine
2153
239902
16122
3329
6377
Walworth
4499
599690
33402
17512
6620
Washington
2121
512837
11888
1332
9776
Waukesha
1767
407481
12194
3757
14012
TOTAL
44388
5433693
348908
230117
319912
To
Convert
From
$
2
MUltialx
BX
Pounds
(1b)
Kilograms
(kg)
0.454
Tons
(ton)
Kilograms
(kg)
907.2
Metric
Tons
0.907
Agricultural Chemicals
There
were
2,013,400
kilograms
(4,438,800
pounds)
of
agricultural
chemicals
used
in
Planning
Subarea
2.2
in
1972.
Herbicides
represented
77
percent
of
the
total,insecticides
18
percent,
and
fungicides
5
percent.
Herbicide
use
may
increase
about
10—25
percent
in
the
next
10
years
and
fungicide
use
about
5—15
percent.
Insecticide
use
on
grain
and
forage
crops
may
increase
30—40
percent
in
the
next
5
years,
but
decrease
to
about
present
l
e
v
e
l
s
w
i
t
h
i
n
1
0
y
e
a
r
s
.
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There were about 173,341 head of cows andheifers calved, and
286,836 head of cattle in 1972. Cattle defecates 76 percent of the manure, horses
13, swine 8, chickens 2 and sheep 1 percent. Approximately 4,929,446 metric tons
(5,433,693 tons) of wet manure are produced from all livestock in PSA 2.2.
One reason that the manure index is relatively low for the subarea is
that cow numbers are less, and numbers of other kinds of livestock,
especially hogs and feeding cattle, are greater, in relation to the
other planning subareas.
Livestock numbers are expected to remain at about the same levels
over the next ten years. Manure production will correspond in level.
Commercial Fertilizers
Currently a total of 316,529 metric tons (348,908 tons) of
commercial fertilizers are applied to croplands in Planning Subarea 2.2.
This represents 30 percent of the total amount of commercial fertilizers
applied in the Lake Michigan basin. Primary nutrients account for
152,420 metric tons (168,048 tons), or 48 percent of the total amount
applied in PSA 2.2. Nitrogen represents 36 percent of the primary nutrients
applied, phosphorus 27 percent, and potash 37 percent.
Commercial fertilizer usage will continue to increase in this
subarea because of the high value of crop production per acre, justifying
even greater quantities than now used. The percent applied in liquid
form, already the highest of any subarea in the Great Lakes Basin, will
increase modestly in the next decade.
Lime
A total of 208,762 metric tons (230,117 tons) of lime was
purchased or applied to croplands in PSA 2.2 in 1972. This represents
33 percent of the total amount of limestone applied in the Lake Michigan
basin. Based on present usage rates, liming rates will remain relatively
unchanged. They may decrease slightly as forages assume less overall
significance in crop production areas.
Salts
At the present time about 290,224 metric tons (319,912 tons)
of road de-icing salts are applied to highways in PSA 2.2. This accounts
for 48 percent of all salts applied in the Lake Michigan basin. This is
due to the urban areas and the demand for a "dry—pavement" policy in those
areas. Road de-icing salts will increase about in proportion to road
mileage increases. There will be changes and improvements in usage;
however, application rates are not likely to increase.
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Table 109
GREAT
LAKES
BASIN
MATERIAL
USAGE
INVENTORY
Agricultural
Chemicals,
Manures,
Fertilizers,
Lime
and
Highway
De-Icing
Compounds
PLANNING
AREA:
Lake
Michigan
2.0
STATE:
Illinois,
Indiana,
and
Wisconsin
PLANNING
SUEAREA:
Scuthwest
2.2
COUNTY:
17
County
Totals
TABLE
& FEKI‘IL
—V
(1)
Crop Group
Amount
Amount
Amount
COUNTY. land area, acres
Number l—V farm
or
Acres
Used
Acres
Used
Acres
Used
__S'.2ML&6LL_._.
Number of
farms
1Z027
Acres
in I—V
farms
Acres in farms
01 8 2
Cmpland I—V farm
Crcpland in
farm
21:6}7112
Harvested cropland
Harvested cropland in
farm 200210
I—V farm
Crop
     
Hog 5 P13
Inventory Dec. 1-May 31 June l—Nov. 30
r F
P
zer Used Tons
We: Manure Factor:
Tons per litter farrowed
f Fe
“9:4
Het Manure Defecated: Tons. 1972
Nutrients in Get Manure:
Nitrogen,
tons
’21
TABLE 8——GROUND LIMESTONE EQUIVALENT
Phosphorus, tons
APPLIED
Pctnh' tons
em
Tonnage
Tonnage not
Fe
izer Used
Government
Government
Total
C
221-335
Year Cost/Shared
Cost/Shared Tonnage
T 1972 23011?
a:
.
i
Tonnages for Other Recent Years
Cows 5! Heifers
Hei
ers, Steers,
Primary “u”
ants
Fe ize I I l
  
Ni
Vet Manure Factor: Tons
l .11; To
Vet Manure Defecated:
Tons
Purchased
Th S
Wet Manure
Defecated:
Tons,
1972
Combined:
Nutrients
in
Vet
Manure:
Nitrogen,
tons
Phosphorus, tons
Potash,
tons
ted Tons App
As Computed
Sheep
5
Horses
8
MATERIALS
AND
HIGWAY
DE-I
lied on C
Tab
Man ure : Kin d o f
Li tock
Swine : Tab
51333593 32560
Tons of i
N r1
em To Nit
d C :
APE?
M
m
3h8908
60938
L521?
Lime: Limestone equivalent purch or app tons:
Table 8 230120
I F l. r
‘ Tons
hutrients
in
t
Manure:
Combined
Nitrogen, tons
Phosphorus, tons
POEaShu tons
Salts: Applied on all highways, tons: Table 9 319912
 
(1) County, land area, acres
To Convert From To Hultiglx 31 includes water areas under
*— ... ' £ -1 .
Pounds (lb) Kilogramﬂcg) 0L3? ‘0 acres '1 b =9
Acres (acre) Hectare (ha) - 7
Tons (ton) Kilogram (kg) 907.2
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PLANNING SUBAREA 2.3
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'
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7
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0
Ind
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d
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100
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15
41.
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100
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Materials Usage
The
following
table
lists
by
county
the
materials
usage
inventory
 
for PSA 2.3.
Table 111
MATERIALS USAGE
(in 1972)
C
h
e
m
i
c
a
l
s
C
o
m
m
e
r
c
i
a
l
L
i
m
e
s
t
o
n
e
S
a
l
t
s
Applied
Livestock
Fertilizer
Purchased
Applied
to
to
Cro
s
Manur
on
Cro
'
w
PSA 2.3 (100 1€s2 (tong) (tongiands 9E£3§§%1ed ?%;n§§gh aYs
Indiana
Elkhart
3292
666549
22251
11224
3094
Lagrange
2142
770583
24513
8022
3443
Marshall
3342
460483
36225
15463
6943
Noble
2534
442088
18492‘
5783
5699
1
St.
Joseph
2716
238487
20446
11719
11954
Steuben
1445
293804
12471
2665
3366
Michigan
f
Allegan
4788
615448
24253
16590
9925
Barry
1607
389470
10186
14480
5983
Berrien
12104
201212
25483
14374
10722
f
Branch
3031
337563
17594
10598
7829
i
Calhoun
2982
487747
19309
15600
7827
Cass
2556
365178
14810
29198
6572
Clinton
3063
520553
24211
7881
3701
Eaton
3084
407995
17648
8232
5983
a
Hillsdale
2963
436822
17514
13857
4666
i
Ingham
2686
477692
19955
9098
7976
i
Ionia
3693
557067
21106
7733
8193
'
Jackson
2313
531824
15382
7238
11013
f
Kalamazoo
2182
291468
12344
12469
9925
1
Kent
6609
466069
17032
13647
27853
‘
Montcalm
5139
301338
23073
29115
3384
Ottawa 3236 475138 14827 6096 1340
St. Joseph 2467 341669 16942 25499 6572
Shiawassee 2944 344926 20274 4542 4980
Van Buren 9645 248549 21458 20543 10724
TOTAL
92563
10669722
487799
321666
189667
To Convert From ' IQ Multiplz 32
Pounds (1b) Kilograms (kg) 0.454
Tons (ton) Kilograms (kg) 907.2
Metric Tons 0.907
Agricultural Chemicals
There were 4,198,500 kilograms (9,256,320 pounds) of agricultural
chemicals used in PSA 2.3. Herbicides represented 57 percent of the total,
insecticides 17 percent, and fungicides 26 percent. Herbicide use may increase
about 10—25 percent in the next 10 years and fungicide use about 5—10 percent.
Insecticide use may increase only slightly.
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Nut
em To a1 Nit
Ap lied on Cro land:
2,, 7 p 75312
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 Animal Wastes
There
were
9,679,440
metric
tons
(10,669,722
tons)
of
wet
manure
produced from livestock in PSA 2.3.
This represents 37 percent of the total
livestock manure in the Lake Michigan basin. There were 311,260 cows and
heifers calved and 500,751 head of cattle in 1972. This is one of the few
planning subareas where turkeys show even one percent of the livestock manure.
Nearly 90 percent of the turkeys raised in Michigan are in this planning
subarea. Nitrogen, phosphorus, and potash combined comprise 1.2 percent of the
total manure tonnage. '
Production
levels
of
livestock
are
expected
to
remain
relatively
stable
in the next 10 years.
The manure production will continue at about present
levels.
Commercial Fertilizers
 
A
total of
442,524 metric
tons
(487,799
tons)
of
commercial fertilizer
were applied to croplands in PSA 2.3, with primary nutrients representing
206,490 metric tons (227,609 tons), or 47 percent of the total. Nitrogen,
phosphorus, and potash are almost equal in tonnage. Corn and soybean acreage
in this planning subarea are expected to increase significantly while
other crop production is expected to decrease slightly. Fertilizer levels
,
l
therefore may increase slightly. j
Lime
In 1972, 291,750 metric tons (321,666 tons) of lime were purchased
or applied to croplands in PSA 2.3. This represents 46 percent of the total
amount of lime applied in the Lake Michigan Basin. Based on present usage
rates, liming rates will remain relatively unchanged. 'Government cost-sharing
programs, if operative, will not significantly affect the rates.
Salts
There were 172,065 metric tons (189,667 tons) of road de—icing salts 7
applied to all highways in PSA 2.3. This represents 29 percent of all road de—icing ,
salts applied in the Lake Michigan basin. The amounts of road de—icing salts 2
may increase in proportion to increases in road mileage. However, increasing f
salt costs will limit expanded usage. g
PLANNING SUBAREA 2.4
Planning Subarea 2.4 contains 21 counties, all in Michigan. Total land
area equals 3,288,500 hectares (8,125,696 acres). Lands in farms total 626,750
hectares (1,546,220 acres), or 19 percent of the total land area. The majority
of land in this planning subarea is in forests.
égricultural Characteristics
Agriculture is less important here than in some of the more southerly
planning subareas; however, there is production of importance in the subarea.
About one—half of the Great Lakes Basin fruit output is in PSA 2.4 and PSA 2.3.
The major crops produced are hay or grass silage, corn, oats and fruits.
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Materials Usage
The
following
table
summarizes
by
county
the
materials
usage
inventory
for PSA 2.4.
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Michigan
Antrim
820
83296
3466
1081
-
2915
Benzie
830
29452
1142
2194
2356
Charlevoix
288
87816
1293
1550
2465
Delta
337
128809
'
2229
91
4627
Emmet
309
90278
2022
355
2965
Grand
Traverse
1957
93130
6106
1600
2270
Kalkaska
122
30336
528
1416
2428
Lake
110
43701
373
1061
1759
Leelanau
1845
63042
6114
2025
1039
Mackinac
75
49721
526
58
4635
Manistee
1952
60720
5386
2961
2240
Mason
1752
131817
5160
3109
1122
Mecosta
1979
213050
8384
5795
3032
Missaukee
586
190001
3757
5382
1692
Muskegon
1402
140527
5355
3497
6927
Newaygo
2453
254906
7839
6562
5148
Oceana
4313
148747
10466
12999
1253
Osceola
626
236477
3053
5363
3670
I
Roscommon
14
10017
34
153
3499
Schoolcraft
35
25225
251
172
3779
Wexford 291 70268 2287 2050 4992
TOTAL 22096 2181336 75771 59474 64813
To Convert From
:9.
Multiply By
Pounds
(1b)
Kilograms
(kg)
0.454
g
Tons (ton)
Kilograms (kg)
907.2
Metric
Tons
0.907
Agricultural Chemicals
There
were
1,002,250
kilograms
(2,209,640
pounds)
of
agricultural
chemicals used in PSA 2.4. Herbicides represented 34 percent of the total,
insecticides
31
percent,
and
fungicides
35
percent.
This
is
the
highest percentage of fungicides in the Lake Michigan basin. Herbicide
use may increase about 10—25 percent in the next 10 years, and fungicide
use about 5—10 percent. Insecticide use may increase 30—40 percent in the
next 5 years, but decrease to about present levels within 10 years.
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ﬂag 6 Pig
Inventory Dec. l—Hay 31 June l-Nov. 30
We: Manure Factor: Tons per litter farrowed
We: Manure Defecated: Tons, 1972
Nutrients in Get Manure: Nitrogen, tons
Phosphorus. tons
Potash, tons
TABLE 8--GROUND LIMESTONE EQUIVALENT
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T
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1
We: Manure Factor: Tons
TO & HI
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Tons Applied Per
"E"
"e: Manure Defecated: Tons, 1972 Combined:
Nutrients in Net Manure: Nitrogen, tans
Phosphorus, tons
Potash, tons ﬂogg
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Animal Wastes
There were 1,978,900 metric tons (2,181,336 tons) of wet manure
produced from livestock in PSA 2.4. This represented 8 percent of the
total manure produced in the Lake Michigan basin. There were 82,100 cows
and heifers calved and 111,500 head of other cattle in 1972. Cattle
defecates 82 percent of the manure and horses 13 percent. Production levels
of livestock are expected to remain fairly stable or decline slightly in
this subarea within the next 10 years. The manure production will continue
at about the present levels or slightly lower.
Commercial Fertilizers
 
Currently a total of 68,739 metric tons (75,771 tons) of commercial
fertilizers are applied to croplands in PSA 2.4 with primary nutrients
representing 49 percent of the total. Nitrogen, phosphorus and potash are
almost equal in tonnages. Over the next ten years the amount of total
cropland is expected to remain about the same. Fertilizers use will remain
relatively constant. The percent applied in liquid form may increase slightly.
Lime
A total of 53,955 metric tons (59,474 tons) of lime was purchased
or applied to croplands in PSA 2.4. Based on present usage rates, liming
rates are expected to remain relatively unchanged. Present usage in PSA 2.4
is already well above the Great Lakes Basin average. This is due to the
importance of grasses on livestock farms in the planning subarea. Government
cost—sharing programs, if operative, will not significantly affect the rates.
Salts
At the present time about 58,798 metric tons (64,813 tons) of
road de—icing salts are applied to all highways in PSA 2.4. Road de-icing
salt usage will increase about in proportion to road mileage increases.
There will be changes and improvements in methods; however, application rates
are not likely to increase.
MATERIALS USAGE METHODOLOGY
 
A county summary report has been prepared for all counties in the Lake
Michigan basin where census and other information is reported. The county
summary reports were then combined into their respective planning subareas
and then aggregated to the Lake Michigan basin.
Because variations existed between the counties, it was necessary to
develop some indices that would be common to all groupings. It was
decided to use "per acre of harvested crops" as the common basis of
comparison for all categories except salts. Acres of harvested crops are
the easiest agricultural figures to use. The items considered in this
study—~chemicals, fertilizers and lime used, and the livestock produced—-
are all intimately linked to the acres of crops harvested. Saltsused
for road de—icing-were compared to the acres of total land area to indicate
the general intensity of salt use.
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Percent Pound.
Acres Per b
Crop(s) me‘ Treated Acre Some of the major Chenich Used
Com 1! 90 2.75 Autumn, Alachlor, 2.5-0 Butylate,
EPA
I 20 1.50 Aldrin, Bax, Chlordane, Cerbofuron,
_ alienate
crux; E 60 .50. 2,4—D, MCPA, Dinoeeb
{vhutloegsﬂurleyﬁyel I 20 1.00 Curbs 1 Halathion
soybuns H 80 2.00 Triflurelin. Dinoseb, Fluorodifen.
Chloranhen, Linuron, Ahehlor,
Chlorhromuron
I 5 1 . 00 Carbanl ,ngathion
Field beans I! 95 2.50 EPIC. Trifluralin, Chloramben.
Fluorodifen
I 5 1.00 Carbugl. Halal-.l'ulntml Azinghosnethxl
Sugar Beets H 95 3.00 Pyrezon, TCA Pheunediphnn,
Delepbn. Endothel
I 1 1.00 0:25:21, l’aratl_*n._i’.ouI Endgaulfan
Bay or grass silos. H 30 1 00 EPIC, MCPA, 2, 4-03, Sinazine
25 1.00 Halathion, Methyoxychlor, Diezinon,
Carburyl, Azinphosnethyl, Ethyl
Parathion, Imidan
Pastured cropland H 25 1.00 2, 4-D
I 25 1.00 Carbaryl
Potatoes 3 90 3.00 Linuron, EPTC, Dinoseb
I 100 11.50 Photate, Diayston, Carberyl,
Halathion, Parethion, Azinphoemethyl
F 100 15.00 Difolatan, Bravo, Dinoseb, Mancozek,
Manet), Zinc, (activated polyethylene
thiram disulfigg)
Apples H 70 5.00 Simzine, Paraquat, Terbacil,
Dichlobenil. Liv-D
I 80 11.75 Guthion, Inidan, Zolone, Sevin,
Phomhmdm, Plictran, Quite,
Kelthane, Gardona
F 80 32.00 Beulate, Cyprex, Captan, Difolaun,
Polyram, Dikar, Haneb
Sweet cherries H 75 4.00 Simazine, Paraquat, Dichlo’oenil
I 81 5.00 Guthion, Sevin, Iuidan, Parathion
F 81 5.00 Difolatau, Captan, Dodine, Benouyl,
Sulfur, Dichlone
Peaches E 60 4.00 Simezine, Paraquat, Terbacil,
Dichlobenil V
I 74 6.00 Guthion, Sevin, Pentathlon, Thioden.
Imidan
P 75 6.00 Benogyl, Sulfur, Dichmi
Peers H 40 5.00 Simzine, Paraquat, Dichlobenil,
Diuron
I 96 8.00 Guthiou, Thiodan, Parathion.
Imiden, Sevin, Perthane
P 94 1.00 Fen-ban, Streptomycin, Bordeeux
(copper)
Prunes andplus B 40 3.00 Simzine, Paraquat, Dichlobenil
I 86 5.00 Guthion, Iuidan, Parethion
F 86 5.00 Benogyl, DichloneL Sulfur
Strawberries '8 100 10.00 Diphenamid, DCPA, Chloroxuron
I 90 12.50 Captan, Thiodan
1’ 100 10.00 Captan, Benlate
Blueberries H 85 5.00 Simzine. Diuron, Dichlobenil,
Paraquat
I 85 3.25 Guthion, Malathion
Y 100 41.00 Calcium Cyanamid, DNOSBP
Grapes H 80 4.00 Sinazine, Paraquat, Diuron,
Dichlobenil
I 90. 51.00 Folpet, Ferbam, Guthion, Captan,
Parathion
.. . - .11.-- 100W, 12.50 V Perbam, Phaltan _
Sweet corn
H
100
2.00
Atrazine, Alachlor, Butylate,
Cyanazine, 2, 4-D
I 80 13.50 Parathion, Sevin. Lannnte, Gardens,
m. Dieldrin, Dylox
P 100 .10 Thiram or Captan
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2.75
a
g
r
e
e
i
n
g
Alschlor,
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?
1
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Malathion,
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Diazinon,
i
Carbaryl,
Azinphosmethyl,
kthyl
'
Parathion,
Imidsn
.
Pastured
cropland
H
25
1.00
2,
4-D
I
25
1.00
Carbaryl
:
Potatoes
H
90
3.00
Linuron,
EPIC,
Dinoseb
I
100
11.50
Phorate,
Disyston,
Carbaryl,
Mslathiou, Parathion, Azinphosmethyl
F
100
15.00
Difolatsn,
Bravo,
Dinoseb,
Mancozek,
Maneb, Zinc, (activated polyethylene
thiram disulfidg)
Apples
H
70
5.00
Simazine,
Paraquat,
Terbacil,
Dichlobeuil, 2,4—0
I
80
11.75
Guthion,
Imidsn, Zolone, Sevin,
Phoephanidon, Plictran, mite,
Kelthane, Gsrdone
F
80
32.00
Benlate,
Cyprex, Captan, Difolaten,
Polyram, Dike;L Maneb
Sweet cherries
H
75
4.00
Simazine,
Paraqust, Dichlobenil
I
81
5.00
Guthion,
Sevin,
Imidan, Parathion
L
P
81
5.00
Difolatan, Captan,
Dodine, Benomyl,
Sulfur, Dichlone
Peaches I! 60 10.00 Simszine, Parsqust. Terbacil,
j
Dichlobenil .
I 76 6.00 Guthion, Sevin, Parathion, Thiodan,
Imidan
F 7’. 6.00 Benomyl, Sulfur, Dichlone
Peers 11 40 5.00 Simazine, Paraquat, Dichlobenil,
Diuron
I 94 8.00 Guthion, Thiodan. Parathion,
Imidan, Sevin, Perthene
P 910 1.00 Ferbau, Streptomycin, Bordeaux
(pepper)
Prunes and plums H 40 3.00 Simazine, Paraquat, Dichlobenil
, I 84 5.00 Guthion, Imidan, Parathion
F 84 5.00 Benomyl, Dichlone, Sulfur
{ Strawberries H 100 10.00 Diphenamid, DCPA. Chloroxuron
‘ I 90 12.50 Captan, Thiodan
; v F 100 10.00 Captan, Benlate
i Blueberries H 85 5.00 Simazine, Diuron, Dichlobenil,
E
Psraquat
I 85 3.25 Guthion, Malachion :
F 100 41.00 Calcium C1anamid, DNOSBP .
Grapes H 80 4.00 Simszine, Paraquat, Diuron, i
Dichlobenil
I 90 51.00 Folpet, Ferbam, Guthion, Captan,
Parathion
1
7
H 771?” _,7 _1_00
17.50 _ Ferbam, Phaltan
1
Sweet corn 1! 100 2.00 Atrazine, Alachlor, Butylste,
Cyanazine, 2, 4-D
I 80 13.50 Perethion, Sevin. Lennate, Gardens.
KPH, Dieldrin, Dylox
1' 100 .10 Thirem or Canton
‘3 - Herbicides I - Insecticides r - Fungicides
blhny chemical scientists believe that "carry over" in the use of herbicides and
"persistence" in the use of insecticides may be largely eliminated in the next
¢ five years. This means that some chemicals now in common use will practically
‘-
disappear and
the new ones having low,
if any. reSidueS “ill be emerging'
kilograms (kg) - pounds (lb) x
0.454
kilograms (kg) 3 tons (ton) x 907‘:
hectare (ha) = acres (acre) x 0.405 355 metric tons - tons (ton) x 0-907
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s
us
ed
di
re
ct
ly
on
cr
op
s
by
fa
rm
er
s
in
th
e
1
9
1
c
o
u
n
t
i
e
s
in
t
h
e
G
r
e
a
t
L
a
k
e
s
Ba
si
n.
T
h
i
s
d
o
e
s
n
o
t
i
n
c
l
u
d
e
c
h
e
m
i
c
a
l
s
us
ed
fo
r
li
ve
st
oc
k
pe
st
ic
id
e
co
nt
ro
l,
no
r
th
at
us
ed
by
ru
ra
l
ho
me
ow
ne
rs
.
It
do
es
no
t
in
cl
ud
e
an
y
ch
em
ic
al
s
us
ed
by
th
e
go
ve
rn
me
nt
or
in
du
st
ry
in
ag
ri
cu
lt
ur
al
ly
re
la
te
d
ex
pe
ri
me
nt
al
or
te
st
in
g
wo
rk
.
Th
e
fo
ll
ow
in
g
ta
bl
es
sh
ow
th
e
pe
rc
en
t
of
cr
op
ac
re
s
tr
ea
te
d;
th
e
ra
te
s
ap
pl
ie
d
pe
r
ac
re
,
an
d
th
e
ma
jo
r
ch
em
ic
al
s
us
ed
.
Th
e
in
fo
rm
at
io
n
ha
s
su
ff
ic
ie
nt
br
ea
th
of
re
le
va
nc
y
to
pe
rm
it
us
e
in
al
l
th
e
co
un
ti
es
.
Th
e
ac
re
ag
es
of
ge
ne
ra
l
fa
rm
cr
op
s
ar
e
av
ai
la
bl
e
by
co
un
ty
fr
om
th
e
re
po
rt
s
of
th
e
st
at
e
st
at
is
ti
ca
l
re
po
rt
in
g
se
rv
ic
es
,
ex
ce
pt
fo
r
pa
st
ur
ed
cr
op
la
nd
fo
r
wh
ic
h
on
ly
th
e
19
69
Ce
ns
us
fi
gu
re
s
ar
e
av
ai
la
bl
e.
In
mo
st
in
st
an
ce
s
ve
ge
ta
bl
e
ac
re
ag
es
we
re
ob
ta
in
ab
le
on
a
st
at
e—
wi
de
ba
si
s
an
d
no
t
on
a
co
un
ty
—
wi
de
ba
si
s.
Fr
ui
t
cr
op
pr
od
uc
ti
on
fi
gu
re
s
ar
e
al
so
av
ai
la
bl
e
on
a
st
at
e—
wi
de
ba
si
s
bu
t
no
t
fo
r
co
un
ti
es
.
Fr
ui
t
ac
re
ag
e
fi
gu
re
s
we
re
ge
ne
ra
ll
y
not available.
Ta
ki
ng
th
e
to
ta
l
ac
re
s
of
th
e
im
po
rt
an
t
ve
ge
ta
bl
e
cr
op
s
in
ea
ch
st
at
e
mu
lt
ip
li
ed
by
th
e
ch
em
ic
al
ap
pl
ic
at
io
n
ra
te
s
pe
r
ac
re
an
d
di
vi
di
ng
by
th
e
to
ta
l
ac
re
s
of
ve
ge
ta
bl
es
in
ea
ch
st
at
e
ob
ta
in
s
a
we
ig
ht
ed
ch
em
ic
al
fi
gu
re
pe
r
ac
re
fo
r
al
l
ve
ge
ta
bl
es
in
ea
ch
st
at
e.
Th
e
ra
ti
os
of
ve
ge
ta
bl
e
ac
re
ag
es
in
th
e
4
st
at
es
in
19
72
co
mp
ar
ed
to
19
69
we
re
as
fo
ll
ow
s:
Il
li
no
is
.8
5
,
In
di
an
a
.8
2,
Mi
ch
ig
an
1.
07
,
an
d
Wi
sc
on
si
n
1.
00
.
A
st
at
e'
s
19
72
to
19
69
ra
ti
o
ti
me
s
th
e
ve
ge
ta
bl
e
ac
re
ag
e,
sh
ow
n
in
ea
ch
co
un
ty
in
th
e
19
69
Ce
ns
us
,
ti
me
s
th
e
co
mp
os
it
e
ve
ge
ta
bl
e
ch
em
ic
al
ap
pl
ic
at
io
n
ra
te
s
fo
r
th
e
st
at
e
pr
ov
id
es
th
e
po
un
ds
of
he
rb
ic
id
es
,
in
se
ct
i-
ci
de
s
an
d
fu
ng
ic
id
es
ap
pl
ie
d
re
sp
ec
ti
ve
ly
fo
r
ve
ge
ta
bl
es
in
ea
ch
co
un
ty
.
Un
li
ke
ve
ge
ta
bl
e
ac
re
ag
es
th
e
fr
ui
t
ac
re
s
in
ea
ch
co
un
ty
do
no
t
ex
pe
ri
en
ce
si
gn
if
ic
an
t
fl
uc
tu
at
io
ns
an
nu
al
ly
.
It
wa
s
as
su
me
d
th
at
fr
ui
t
ac
re
s
pe
r
co
un
ty
in
19
72
wa
s
th
es
am
e
as
in
19
69
.
A
si
mi
la
r
pr
oc
ed
ur
e
as
us
ed
wi
th
ve
ge
ta
bl
es
wa
s
fo
ll
ow
ed
fo
r
fr
ui
ts
.
Th
e
co
mp
os
it
e
ch
em
ic
al
us
e
ra
te
s
de
te
rm
in
ed
ab
ov
e
we
re
ap
pl
ie
d
to
th
e
co
un
ty
fr
ui
t
ac
re
ag
e
to
de
te
rm
in
e
th
e
to
ta
l
qu
an
ti
ti
es
of
he
rb
ic
id
es
,
in
se
ct
ic
id
es
an
d
fu
ng
ic
id
es
used in each county.
Animal Manure Information
 
In
fo
rm
at
io
n
fr
om
re
se
ar
ch
er
s
pr
ov
id
ed
th
e
es
ti
ma
te
s
of
th
e
to
ns
of
ma
nu
re
de
fe
ca
te
d
fr
om
da
ir
y
co
ws
,
ho
gs
,
st
ee
rs
,
an
d
sh
ee
p
of
ce
rt
ai
n
we
ig
ht
s
ov
er
a
fi
xe
d
ti
me
sp
an
.
Bo
th
U.
S.
an
d
st
at
e
ce
ns
us
an
d c
ro
p
re
po
rt
in
g
pu
bl
ic
at
io
ns
pr
ov
id
ed
in
fo
rm
at
io
n
on
th
e
nu
mb
er
of
li
ve
st
oc
k.
Ma
nu
re
de
fe
ca
te
d
fa
ct
or
s
we
re
th
en
de
ve
lo
pe
d
fo
r
va
ri
ou
s
ki
nd
s
of
li
ve
-
sto
ck
wer
e
det
erm
ine
d,
the
qua
nti
tie
s
of
pri
mar
y
nut
rie
nts
-—n
itr
oge
n,
phosphorus and potash——in the manure were then derived.
The
res
pec
tiv
e
ton
s
of
ani
mal
man
ure
mul
ti
pl
ie
d
by
the
po
und
s
of
eac
h p
rim
ary
nut
rie
nt
per
ton
of
man
ure
pro
duc
ed
fro
m l
ive
sto
ck,
div
ide
d b
y 2
000
giv
es
the
ton
s o
f p
rim
ary
nut
rie
nts
.
The
fol
low
ing
tab
le
sho
ws
the
mul
tip
lie
rs
use
d f
or
det
erm
ini
ng
the
amo
unt
of
eac
h p
rim
ary
nutrient for each kind of livestock.
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_Table 117
A
N
I
M
A
L
M
A
N
U
R
E
H
U
L
T
I
P
L
I
E
R
S
  
T
o
n
s
o
f
m
a
n
u
r
e
f
o
r
T
o
n
s
o
f
n
u
t
r
i
e
n
t
e
a
c
h
k
i
n
d
o
f
l
i
v
e
s
t
o
c
k
X
p
e
r
t
o
n
o
f
m
a
n
u
r
e
=
T
o
n
s
o
f
n
u
t
r
i
e
n
t
s
S
w
i
n
e
X
.
0
0
5
0
=
T
o
n
s
o
f
n
i
t
r
o
g
e
n
"
X
.
0
0
1
4
=
T
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
"
X
.
0
0
3
8
=
T
o
n
s
o
f
p
o
t
a
s
h
C
a
t
t
l
e
X
.
0
0
5
6
=
T
o
n
s
o
f
n
i
t
r
o
g
e
n
"
X
.
0
0
1
0
=
T
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
"
X
.
0
0
5
0
=
T
o
n
s
o
f
p
o
t
a
s
h
S
h
e
e
p
X
.
0
1
4
0
’
=
T
o
n
s
o
f
n
i
t
r
o
g
e
n
"
X
.
0
0
2
1
=
T
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
"
X
.
0
1
0
0
=
T
o
n
s
o
f
p
o
t
a
s
h
H
o
r
s
e
s
1.
X
.0069
=
T
o
n
s
o
f
n
i
t
r
o
g
e
n
"
X
.
0
0
1
0
=
T
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
"
X
.0060
=
T
o
n
s
o
f
p
o
t
a
s
h
Poultry
X
.0156
=
Tons
of
nitrogen
:
"
X
.0040
=
Tons
of
phosphorus
E
"
X
.0035
=
Tons
of
p
o
t
a
s
h
To
Convert
From
To
Multiplv
BX
Tons
(ton)
Kilograms
(kg)
907.2
Commercial
Fertilizer
Information
Commercial
fertilizer
consumption
in
this
study
represents
all
commercial
fertilizer
materials
or
products
sold
or
shipped
for
farm
and
non—farm
use
as
fertilizer.
Materials
used
in
the
manufacturing
of
registered
mixes
or
for
uses
other
than
fertilizer
are
excluded.
The
U.S.
Department
of
Agriculture
and
the
Statistical
Reporting
‘
Service
for
each
of
the
eight
states
publish
Annual
Summaries.
Thus,
f
fertilizer
statisticsare
available
nationally
and
by
state.
Three
states
(Ohio,
Indiana,
and
Illinois)
provide
county
fertilizer
summaries.
The
fertilizer
used
on
Class
I—V
farms
by
counties
is
available
from
the
1969
U.S.
Census
of
Agriculture.
Fertilizer
usage
by
state
for
1972
was
available
from
both
the
U.S.
Department
of
Agriculture
and
the
Tennessee
Valley
Authority.
The
manner
of
distribution——whether
bagged,
bulk
or
liquid——as
well
as
the
primary
nutrient
tonnages
were
also
available
for
each
state.
This
made
it
possible
to
calculate
the
approx—
imate
tons
of
fertilizer
used,
the
amounts
liquid
or
dry,
and
the
amounts
of
primary
nutrients
used
by
county.
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 Lime Information
Li
me
us
ag
e
in
fo
rm
at
io
n
wa
s
no
t
re
ad
il
y
av
ai
la
bl
e
fr
om
ei
th
er
th
e
U.
S.
De
pa
rt
me
nt
of
Ag
ri
cu
lt
ur
e
St
at
is
ti
cs
Re
po
rt
s
or
fr
om
mo
st
of
th
e
St
at
e
St
at
is
ti
ca
l
Re
po
rt
in
g
Se
rv
ic
es
.
Th
e
U.
S.
De
pa
rt
me
nt
of
Ag
ri
cu
lt
ur
e,
Ag
ri
cu
lt
ur
al
St
ab
il
iz
at
io
n
an
d
Co
ns
er
va
ti
on
Of
fi
ce
s
pr
ov
id
ed
in
fo
rm
at
io
n
sh
ow
in
g
th
e
to
ns
th
at
th
e
go
ve
rn
me
nt
co
st
—s
ha
re
d
in
ea
ch
st
at
e,
bu
t
no
t
th
e
total tons applied.
Mi
ch
ig
an
:
Co
un
ty
in
fo
rm
at
io
n
wa
s
ob
ta
in
ed
fr
om
th
e
Mi
ch
ig
an
Ag
ri
cu
lt
ur
al
St
ab
il
iz
at
io
n
an
d
Co
ns
er
va
ti
on
Of
fi
ce
.
Bo
th
th
e
co
st
—s
ha
re
d
am
ou
nt
s
an
d
to
ns
no
t
co
st
—s
ha
re
d
we
re
av
ai
la
bl
e
by
co
un
ty
fo
r
19
72
.
Wi
sc
on
si
n:
Th
e
li
me
to
nn
ag
es
we
re
sh
ow
n
in
th
e
19
69
Co
un
ty
Ce
ns
us
re
po
rt
s
fo
r
th
e
Ba
si
n
co
un
ti
es
in
th
is
st
at
e.
Th
es
e
co
un
ty
to
nn
ag
es
we
re
mu
lt
ip
li
ed
by
a
fa
ct
or
fo
r
th
e
st
at
e.
Th
e
fa
ct
or
re
pr
es
en
te
d
th
e
ch
an
ge
in
st
at
e
to
nn
ag
es
be
tw
ee
n
19
69
an
d
19
72
fr
om
ce
ns
us
in
fo
rm
at
io
n.
Th
e
fa
ct
or
fo
r
Wi
sc
on
si
n
wa
s
1.
16
7.
Il
li
no
is
:
Th
e
li
me
to
nn
ag
es
we
re
sh
ow
n
in
th
e
19
69
Ce
ns
us
re
po
rt
s
fo
r
th
e
Ba
si
n
co
un
ti
es
in
th
is
st
at
e.
Th
es
e
co
un
ty
to
nn
ag
es
we
re
mu
lt
ip
li
ed
by
a
fa
ct
or
fo
r
th
e
st
at
e.
Th
e
fa
ct
or
re
pr
es
en
te
d
th
e
ch
an
ge
in
st
at
e
to
nn
ag
es
be
tw
ee
n
19
69
an
d
19
72
fr
om
ce
ns
us
in
fo
rm
at
io
n.
Th
e
fa
ct
or
fo
r
Il
li
no
is
was 1.177.
In
di
an
a:
Th
e
li
me
to
nn
ag
es
we
re
sh
ow
n
in
th
e
19
69
Co
un
ty
Ce
ns
us
re
po
rt
s
fo
r
th
e
Ba
si
n
co
un
ti
es
in
th
is
st
at
e.
Th
es
e
co
un
ty
to
nn
ag
es
we
re
mu
lt
ip
li
ed
by
a
fa
ct
or
fo
r
th
e
st
at
e.
Th
e
fa
ct
or
re
pr
es
en
te
d
th
e
ch
an
ge
in
st
at
e
to
nn
ag
es
be
tw
ee
n
19
69
an
d
19
72
fr
om
ce
nS
us
in
fo
rm
at
io
n.
Th
e
fa
ct
or
fo
r
Indiana was 1.100.
Road De-Icing Information
The
Mic
hig
an
Hig
hwa
y
Dep
art
men
t
pro
vid
ed
inf
orm
ati
on
fro
m
the
ir
fil
es
sho
win
g t
he
ton
s o
f r
oad
de—
ici
ng
sal
ts
pur
cha
sed
thr
oug
h
the
Mic
hig
an
Sta
te
Hig
hwa
y D
epa
rtm
ent
and
use
d
in
eac
h o
f t
he
83
Mic
hig
an
cou
nti
es
for
yea
r 1
972
—73
.
It
was
the
opi
nio
n o
f M
ich
iga
n H
igh
way
Off
ici
als
tha
t t
hes
e
sal
es
rep
res
ent
100
per
cen
t o
f t
he
sal
ts
use
d o
n f
ede
ral
and
sta
te
hig
hwa
ys
in a
coun
ty,
abou
t 50
perc
ent
of
that
used
on
coun
ty r
oads
and
abou
t 33
per
cen
t o
f t
hat
use
d b
y m
uni
cip
ali
tie
s w
ith
in
a c
oun
ty.
The
ref
ore
, t
o
obta
in t
he t
otal
amou
nt u
sed,
the
coun
ty p
urch
ases
were
doub
led,
muni
cipa
l
pur
cha
ses
mul
tip
lie
d b
y 3
.33
, a
nd
the
se
sum
s w
ere
the
n a
dde
d t
o t
he
sta
te
purchases.
High
way
offi
cial
s be
liev
e t
his
repr
esen
ts t
he m
ost
reas
onab
le a
ppro
ach
to e
stim
atin
g th
e to
tal
tonn
age
appl
ied.
With
thes
e r
elat
ions
hips
esta
blis
hed
and the information provided by the states for each county, the total tons
applied on all highways in the counties for 1972-73 was established. This
figure is shown in each county reportalong with the state purchased figure
for each county.
It was possible to obtain county information for Michigan for 3 years,
1970—71, 1971—72, 1972—73. It was possible to obtain the "Tons of Salts
Applied Per 'E' miles of Highway" for each of these 3 years. An 'E' mile
of highway is equivalent to a mile of two-lane highway.
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Th
e
p
r
o
c
e
d
u
r
e
u
s
e
d
i
n
M
i
c
h
i
g
a
n
to
d
e
t
e
r
m
i
n
e
t
h
e
t
o
t
a
l
s
a
l
t
t
o
n
s
applied
per
county
wasapplied
to
other
counties
in
the
other
Basin
states,
and
it
is
believed
that
the
results
do
represent
to
a
reasonable
degree
the
salts
applied
in
the
Great
Lakes
Basin.
The
index
developed
to
show
the
pounds
of
road
salts
used
in
a
study
area
as
compared
to
the
U.S.
Great
Lakes
Basin
as
a
whole
used
the
per
acre
relationship
to
the
total
land
area
and
not
the
per
harvested
acre
of
cropland.
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INTRODUCTION
The
detailed
study
plan
of
February
1974
for
the
International
Reference
Group
on
Great
Lakes
Pollution
from
Land
Use
Activities
called
for
an
inventory
of
land
use
and
land
use
practices
with
emphasis
on
certain
trends
and
projections
to
1980,
and
if
possible
to
2020.
This
section
presents
what
is
felt
to
be
the
major
trends
in
demographic
and
economic
activities,
land
uses,
specialized
land
uses,
and
material
usages
for
the
Lake
Michigan
basin in the near future.
The
general
purpose
of
this
section
is
to
provide
to
the
PLUARG
effort
an
indication
as
to
the
direction
specialized
land
uses
and
materials
usages
may
take
in
the
forthcoming
decades.
These
findings
will
form
the
background
for
determining
the
magnitude
of
water
quality
problems
likely
to
result
from
these
activities
in
the
near
future.
.
‘
General
In
order
to
provide
a
general
frame
of
reference
to
the
study,
demographic
and
economic
activities
projections
based
upon
revised
OBERS
Series
C
and
unpublished
Series
E
projections
were
utilized.
These
provided
what
were
felt
to
be
reasonable
upper
and
lower
limits
within
which
the
population
and
economic
growth
in
the
Lake
Michigan
basin
are
likely
to
fall within
the next
several
decades.
In so
doing,
the
demographic
and
economic
projections
provide
the
setting
in which
subsequent
projections
of
land uses,
specialized
land uses,
and material
usages were
made.
The
last
portion of
this
section
summarizes
the methodologies
used and
the
rational
underlying
the
development
of
these
projections.
'
Summary and Conclusions
Depending on the OBERS Series utilized, the Lake Michigan basin will
experience between a 40 percent and a 90 percent population growth rate
by 2020.
Growth rates will vary by location as well, with the more southerly
planning subareas
(PSA 2.2 and 2.3) growing at a faster pace.
In either projection series, changes in specialized land uses and
materials usages are not directly dependent upon economic and demographic
trends.
Specialized land use trends depend, in addition, upon available
technologies, land characteristics, and specific economic factors which
many times are not directly related to the larger regional economy.
The
economic aspects of current agricultural practices will determine to a great
extent
trends in the types and levels of materials used in the Lake Michigan
basin
throughout
the
next
decades.
 
    
In comparison to the Great Lakes Basin as a whole, the Lake Michigan
basin, due to its geographical location and urbanized concentrations will
experience more intensive development overthe next several decades than is
expected for other portions of the Great Lakes Basin. This will be
particularly true for the two more southerly planning subareas. Therefore,
the water quality impacts arising from changing economic and demographic
activities, land use, specialized land use practices, and materials usage
levels could have moderate to severe local impacts in the near future.
Table 118
POPULATION GROWTH(1)(2)
.1172 £82 2.992 2_022
Lake Michigan basin
Series C 13,551,843 15,592,600 20,145,900 25,762,200
Series E 13,551,843 14,709,300 16,862,500 18,630,000
DEMOGRAPHIC, ECONOMIC AND LAND USE CHARACTERISTICS
The categories contained in this section include the projected resident
population levels, major economic activity sectors (agriculture, mining,
construction, manufacturing, transportation and public utilities, trade,
finance, services, and government) and major land use activities (urban
lands, croplands, pasture, forests, and other lands). The aim is to provide
a general picture of what the future may be for these three categories.
While not exhaustive in detail, these major categories are seen as forming
the general background in which the later discussions of materials usages
and specialized land usages take place.
Population
The Lake Michigan basin has the largest population of any of the lake
basins, and has grown steadily since 1950.
All of the planning subareas
have grown by more than 20 percent in this time period.
Growth has occurred
more rapidly in the two more southerly planning subareas (PSA 2.2 and 2.3).
There are distinct contrasts in population distribution, with
the southern
half highly urbanized,
and the northern half less populated and more devoted
to the development and utilization of recreational resources.
Non-residents
significantly
swell
the population
of
the northern
portion during
the
hunting
and
vacation
seasons.
With
better
means
of
transportation
and
increasing
participation
in
winter
sports,
non-residents
are
increasing
yearly
in
both
numbers
and
duration
in
this
northern
portion.
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 Table 119
P
O
P
U
L
A
T
I
O
N
L
E
V
E
L
S
:
1
9
5
0
-
1
9
7
1
(
2
)
w
w
w
ﬂ
ﬂ
L
a
k
e
M
i
c
h
i
g
a
n
b
a
s
i
n
9
,
9
8
8
,
3
6
5
1
2
,
3
3
8
,
3
8
5
1
3
,
3
8
3
,
1
2
2
1
3
,
5
5
1
,
8
4
3
1
3
,
6
4
2
,
6
7
8
P
S
A
2
.
1
8
2
1
,
3
3
2
9
1
6
,
7
3
6
9
9
3
,
1
2
5
1
,
0
0
8
,
5
3
0
1
,
0
1
3
,
3
1
9
P
S
A
2
.
2
6
,
9
3
9
,
5
5
9
8
,
7
1
6
,
4
0
7
9
,
4
1
7
,
5
6
2
9
,
5
1
5
,
5
5
9
9
,
5
7
3
,
5
9
7
P
S
A
2.3
1
,
8
1
8
,
3
1
5
2
,
2
4
3
,
5
5
7
2
,
4
8
6
,
2
4
0
2
,
5
2
9
,
8
6
9
2
,
5
5
4
,
7
2
3
P
S
A
2.4
4
0
9
,
1
5
9
4
6
1
,
6
8
5
4
8
6
,
1
9
5
4
9
7
,
8
8
5
5
0
1
,
0
3
9
Economics
In
all
categories
the
Lake
Michigan
basin
registered
about
the
same
economic
share
(earnings
by
sector/area
population)
as
the
Great
Lakes
Basin
as
a
whole.
The
only
sector
where
the
Lake
Michigan
basin
does
not
have
an
equal
or
greater
economic
share
is
agriculture,
and
the
economic
share
there
is
only
slightly
less
than
the
Basin
as
a
whole.
The
Lake
Michigan
basin
ranks
first
in
the
Great
Lakes
Basin
in
terms
of
per
capita
income,
averaging
$3,890
in
1970.
The
labor
force
participation
rate
relative
to
total
population
levels
is
slightly
higher
than
the
average
rates
for
the
Great
Lakes
Basin.
Agricultural Production
The
major
agricultural
crops
grown
in
the
Lake
Michigan
basin
in
order
of
rank
are:
grain
corn,
oats,
wheat,
commercial
vegetables
and
soybeans.
PSA
2.1
produces
most
of
the
oats
and
commercial
vegetables,
PSA
2.2
most
of
the
soybeans,
and
much
of
the
grain
corn,
and
PSA
2.3
most
of
the
wheat
and
much
of
the
grain
corn.
Fruits
are
also
important
in
PSA
2.3
and
2.4.
PSA
2.4
is
not
extensively
used
for
agriculture.
Agricultural
production
is
reasonably
stabilized
in
this
lake
basin.
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Table 120
2
POPULATION, EMPLOYMENT, PERSONAL INCOME, AND EARNINGS BY INDUSTRY: 1970( )
Great Lakes Lake Michigan
Basin Basin PSA 2.1 PSA 2.2 PSA 2.3 PSA 2.4
Population, midyear 29,409,179 13,551,843 1,008,530 9,515,559 2,529,869 497,885
Per capita income (1967 dollars) 3,777 3,890 2,968 4,185 3,364 2,808
Per capita income Rel. (U.S.-1.00) 1.09 1.12 .85 1.20 .97 .81
Total employment 11,493,713 5,446,825 375,468 3,918,980 980,478 171,899
Employment/population ratio .39 .40 .37 .41 .39 .35
Total personal income 111,069,256 52,720,518 2,993,811 39,819,026 8,509,853 1,397,828
Total earnings 99,596,531 Z92,365,456 2,353,381 32,755,005 6,729,436 1,027,634
Agriculture, forestry & fisheries 1,121,278 483,743 149,337a 122,264a 180,994a 31,1488
Agricu
lture
--
--
-—
-.
-_
..
Forest
ry and
fisher
ies
-
-
-—
__
--
..
Mining 139,401 71,141 8,197a 54,978a 6,474b 1,492c
Metal -- - - -- —— -—
Coal - - -— —- -- -a
Crude petroleum & natural gas . —- -- - -- -— -—
Nonmetallic, except fuels ~- -- -— -— -- -
Contract construction 5,392,933 2,671,845 140,581a 2,103,648 365,080 62,536
Manufacturing 35,467,905 15,741,440 924,932a 11,565,836 2,875,912 374,7608
Food 8 kindred products -- —- —- _- __ -_
Textile mill products - -- —. -- __ --
Apparel & other fabric products —- -- -- -_ -- _-
Lumber products & furniture -- -- —— __ _- _.
Paper and allied products -- -— -- -- -- -—
Printing and publishing -- - -_ _- -_ --
Chemicals and allied products -~ - -- _- -- -—
Petroleum refining -- —— -- -- __ --
Primary metals -- —- _- .. -- --
Fabricated metals 6 ordinance -- -— -- -- _- -_
Machinery, excluding electrical - -- —— -- -- --
Electrical machinery & supplies -- - -- -- -_ --
Motor vehicles 8 equipment -- -~ __ __ __ .-
Transportation equip., excl. mtr.
vehs. -- -- —- -- __ -—
Other manufacturing -- -— -_ __ -_ _-
Trans., com. 6 public utilities
5,961,189
3,035,695
138,185a
2,492,312
341,673
63.5259
Wholesale and retail trade 14,785,401 7,404,823 374,631 5,863,370 1,008,860 157,962
Finance, insurance & real estate
3,909,791
2,137,872
62,558a
1,816,851
232,64éa
25,3173
SerVices 12,379,947 6,112,647 263,820 4,918,798 799,179 130.350
Government
11,222,068
5,153,896
280,044
3,805,258
980,084
160,510
Federal SWEWM 1.924.828 968.460 33,925 813,273 104,683 16.579
State and local government
8,643,999
3,838,565
231,580
2,691,497
779,453
136,030
Armed forces
653,032
346,871
14,540
300,487
23,943
7.901
*Employment is for 1960
a-Represents
80.0
to
99.9
percent
of
the
true
value
b-Represents
60.0
to
79.9
percent
of
the
true
value
c-Represents
20.0
to 39.9 percent
of
the
true
value
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 Table 121
AGRICULTURAL
PRODUCTION,
CURRENT
NORMAL
AVERAGE
(1958
—
1972)(2)
Great Lakes Lake Michigan
Crap
Units
Basin
Basin
PSA 2.1
PSA 2.2
PSA 2.3
{SA 2.4
"heat
Bu.
68,514
24,336
427
4,701
18,186
1,022
03:5
Do.
102,135
56,711
32,509
11,041
11,777
1,384
Rye
Do.
1,624
673
81
77
410
105
Barley
Do.
2 .089
1 ,432
7
467
354
586
25
Com for grain
00.
349,759
184,488
18,215
87,270
75,636
3,367
Com silage
Ton
14,962
7,858
3,577
1,985
1,851
455
Soybeans
Bu.
65,426
17,592
193
12,035
5,357
7
Dry E.D. beans
th.
7,625
729
--
--
698
31
Sugar beets
Ton
1,515
31
I—-
—-
31
--
Potatoes
Cut.
20,226
9,729
4,110
1,672
2,775
1,172
Fruits
Ton
1,095
618
49
21
337
211
Comm. vegetables
Cut.
46,363
22,051
10,478
5,157
4,894
1,522
Alfalfa hay*
Ton
8,991
5,129
2,440
1,145
1,177
367
Clover & Timothy hay*
Ton
3,070
767
301
130
254
82
Cropland pasture*
Ton
699
594
594
Improved pasture"
Ton
‘
Improvable pastute* Ton
N. Improv. pasture" Ton
*Alfalfa
hay
equivalents
(cons)
To Convert From
To
Multiglz 32
Tons
(ton)
Kilograms
(kg)
907-2
Hundredweigh: (cwt)
Metric tons
0.902
Bushels
(bu)
Kilograms
(kg)
202's
Hectoliter (hl) 0.352
 
   
Livestock
PSA
2.3
contains
the
majority
of
the
total
livestock.
This
is
primarily
due
to
the
large
numbers
of
chickens
and
turkeys
raised
there.
PSA
2.1
is
an
important
dairying
region,
and
so
contains
most
of
the
cattle.
PSA
2.4
produces
the
least
amount
of
livestock
in
each
category,
except
for
turkeys
and
horses.
Total
livestock
numbers
will
not
likely
decrease
in
the
near
future.
Table122
LIVESTOCK: 1972(3)
 
Lake
Michigan
basin
PSA
2.1
PSA
2.2
PSA
2.3
PSA
2.4
Swine
1,343,854
224,285
277,595
814,784
27,190
Cows & heifers
calved
1,044,751
478,050
173,341
311,260
82,100
Heifers, steers,
bulls,
calves
1,409,137
510,050
286,836
500,751
111,500
Sheep
&
lambs
188,177
14,980
23,334
138,378
11,485
Horses
&
ponies
212,129
11,249
57,161
121,458
22,261
Chickens
9,655,948
1,483,000
2,636,101
4,770,947
765,900
Turkey
hens
231,420
6,000
4,090
211,330
10,000
Turkeys
raised
2,304,260
60,000
40,900
2,103,360
100,000
Land Use
In
the
Lake
Michigan
basin
the
total
land
area
encompasses
13,060,600
hectares
(32,272,400
acres).
Compared
to
the
Great
Lakes
Basin
as
a
whole,
the
Lake
Michigan
basin
has
more
land
in
urban
uses
and
less
in
forests.
The
planning
subareas
vary
greatly
ranging
from
5
percent
to
23
percent
in
urban
uses
(compared
with
a
Basin
average
of
3
percent)
and
from
7
to
68
percent
in
forest
lands
(compared
with
a
Basin
average
of
48
percent).
Land
use
figures
in
the
section
are
taken
from
the
Great
Lakes
Basin
£1§mgyg£k_§tudy,
Appendix
13"Land
Use
and
Management",
to
be
consistent
w
i
t
h
t
h
e
t
r
e
n
d
s
u
s
e
d
f
r
o
m
t
h
e
s
a
m
e
s
o
u
r
c
e
.
The
growth
in
population
of
this
lake
basin,
particularly
in
the
more
southerly
planning
subareas,
has
resulted
in
the
conversion
of
land,
especially
cropland
to
urban
uses.
Planning
Subareas
2.1
and
2.4
have
had
more
constant
land
use
characteristics
and
the
more
extensive
forest
lands
there
act
as
favorable
assets
to
the
tourist
and
recreational
economy
of
the
L
a
k
e
M
i
c
h
i
g
a
n
b
a
s
i
n
.
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Table 123
P
R
E
S
E
N
T
L
A
N
D
U
S
E
:
1
9
6
6
-
6
7
B
a
s
e
(
4
)
(
A
r
e
a
M
e
a
s
u
r
e
d
b
y
C
o
u
n
t
y
B
o
u
n
d
a
r
i
e
s
)
(1,000 Acres)
    
Urban
Cropland
f
u
t
u
r
e
-
M
P
0
3
;
2
3
!
$
5
Total
Land
1
Land
Z
Land
1
Land
1
L
‘
I
i
n
“
Area
Area
Area
Area
Area
Area
Area
Area
Area
Area
_A_tgL_
Lake
Michigan
basin
32,272.4
2,907.8
9
13,016.1
40
1,405.3
5
12,596.2
39
2,347.0
7
PSA
2.1
10,010.7
464.0
5
3,316.4
33
356.7
4
5,116.5
51
757.1
Michigan
1,889.8
52.0
3
133.6
7
21.7
1
1,664.5
88
18.0
1
Uisccnsin
8,120.9
412.0
5
3,182.8
39
335.0
4
3,452.0
43
739.1
9
25A
2.2
5.212.1
1,210.5
23
2,843.4
55
237.4
4
340.7
7
580.1
11
Illinois
2,367.3
678.0
29
1,249.6
53
98.7
4
93.0
4
248.0
10
Indiana
1,174.3
122.8
10
712.3
62
55.7
5
90.6
8
182.9
15
wisconsin
1,670.5
409.7
25
871.5
52
83.0
5
157.1
9
149.2
9
PSA
2.3
8.955.4
818.5
9
5,374.8
60
459.4
5
1,704.7
1.9
598.0
7
Indiana
1,580.4
156.4
10
1,031.3
65
106.8
7
140.1
9
145.8
9Michigan
7,375.0
662.1
9
4,343.5
59
352.6
5
1,564.6
21
452.2
6
PSA
2.4
8,094.2
414.8
5
1,481.5
18
351.8
4
5,434.3
68
411.8
3
Michigan
8,094.2
414.8
5
1,481.5
18
351.8
4
5,434.3
68
411.8
5
To
Convert
Fron
To
1611:1211
)1
Acres
(acre)
Hectares
(ha)
0.405
Currently
(1970)
in
the
Lake
Michigan
basin
63
percent
of
the
cultivated
agricultural
lands
are
in
cropland,
with
row
crops,
and
hay
and
pasture
accounting
for
the
major
use.
Permanent
pasture
accounts
for
10
percent
and
idled
cropland
27
percent
of
the
cultivated
agricultural
land
use.
Row
crops
are
most
important
in
PSA
2.2
and
2.3,
where
they
account
for
39
percent
and
43
percent
the
total
row
crop
acreage
in
Lake
Michigan'
respectively.
Forty-four
percent
of
the
hay
and
pasture
acreage
is
found
in
PSA
2.1,
due
to
the
livestock
raised
in
this
planning
subarea.
Mbst
of
the
idled
cropland
-
50
percent
of
the
Lake
Michigan
total
-
is
in
PSA
2.3.
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Table 124
AGRICULTURAL ACREAGE UNDER
4
CULTIVATION BY CATEGORIES:
CURRENT NORMAL AVERAGE
(1958-1972)(
>
(1,000 Acres)
 
Lake Michigan
 
basin
PSA
2.1
PSA
2.2
PSA
2.3
PSA
2.4
Specialty
crops
701.1
161.2
72.8
282.4
184.7
Row
crops
3,721.3
550.5
1,449.3
1,602.2
119.3
Small
grains
1,596.9
534.7
298.2
685.1
78.9
Hay
and
pasture
3,078.2
: 1,351.7
545.9
848.2
332.4
Total
cropland
9,097.5
2.598.l
2,366.2
3,417.9
715.3
Idled
cropland
3,918.6
718.3
477.2
1,956.9
766.2
Permanent
pasture
1,405.3
356.7
237.4
459.4
351.8
TOTAL
l4,421.4
3,673.1
3,080.8
5,834.2
1,833.3
To
Convert
From
To
Multiply
By
Acres
(acre)
Hectares(ha)
0.405
In
terms
of
crops
grown,
themajor
harvested
acreage
is
used
for
grain
corn,
alfalfa
hay,
oats,
and
soybeans.
This
lake
basin
supplies
over
one
half
the
total
crop
acreage
devoted
to
fruits
in
the
Great
Lakes
Basin.
Commercial
vegetables
are
also
more
important
than
in
other
lake
basins,
due
to
truck
farms
which
supply
the
urban
population.
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 T
a
b
l
e
1
2
5
.
2
AGRICULTURAL
LAND
USE,
CURRENT
NORMAL
AVERAGE
(1958-1972)(
)
Great
Lakes
Lake
Michigan
PSA
2.1
PSA
2.2
PSA
2.3
I
PSA
2.4
Crop
Acres
Hectares
Acres
Hectares
Acres
Hectares
Acres
Hectares
Acres
Hectares
Acres
Hectares
W
h
e
a
t
1
,
7
5
6
.
3
7
1
0
.
7
6
1
2
.
9
2
4
7
.
9
1
1
6
.
0
4
6
.
9
1
1
.
4
4
.
6
4
5
2
.
3
1
8
3
.
0
3
3
.
2
1
3
.
4
O
u
t
s
1
,
6
9
5
.
9
6
8
6
.
4
8
9
7
.
5
3
6
3
.
2
1
6
3
.
0
6
6
.
0
5
0
9
.
6
2
0
6
.
2
1
8
5
.
4
7
5
.
0
3
9
.
5
1
6
.
0
R
y
e
5
9
.
8
2
4
.
1
2
7
.
8
1
1
.
2
2
.
9
1
.
2
3
.
8
1
.
5
1
5
.
6
6
.
3
5
.
5
2
.
2
B
a
r
l
e
y
4
4
.
7
1
8
.
1
2
9
.
8
1
2
.
1
6
.
8
2
.
8
8
.
7
3
.
5
1
3
.
6
5
.
5
0
.
7
0
.
3
M
i
s
c
.
s
m
a
l
l
g
r
a
i
n
s
4
2
.
6
1
7
.
3
28.9
11.7
9.5
3.8
1.2
0
.
5
18.2
7.4
0
0
C
o
r
n
f
o
r
g
r
a
i
n
4
,
3
6
9
.
5
1
,
7
6
8
.
2
2
,
2
7
6
.
3
9
2
1
.
2
9
0
0
.
0
3
6
4
.
2
2
3
6
.
3
9
5
.
6
1
,
0
7
5
.
3
4
3
5
.
2
6
4
.
7
2
6
.
2
C
o
r
n
s
i
l
a
g
e
1
,
2
2
0
.
8
4
9
4
.
1
6
5
3
.
4
2
6
4
.
4
1
3
8
.
3
5
6
.
0
3
0
5
.
2
1
2
3
.
5
1
5
9
.
2
6
4
.
4
5
0
.
7
2
0
.
5
S
o
y
b
e
a
n
2
,
6
0
5
.
5
1
,
0
5
4
.
2
6
7
1
.
4
2
7
1
.
7
4
1
1
.
0
1
6
6
.
3
9
.
0
3
.
6
2
5
1
.
0
1
0
1
.
6
0
.
4
0
.
2
D
r
y
8.0.
b
e
a
n
s
7
5
5
.
3
3
0
5
.
6
1
2
0
.
2
4
8
.
6
0
0
O
0
1
1
6
.
7
4
7
.
2
3
.
5
1
.
4
S
u
g
a
r
b
e
e
t
s
1
2
4
.
8
5
0
.
5
0
.
7
0
.
3
0
0
0
0
0
.
7
0
.
3
0
0
P
o
t
a
t
o
e
s
1
5
1
.
7
6
1
.
4
7
2
.
1
2
9
.
3
9
.
3
3
.
8
2
6
.
4
1
0
.
7
2
2
.
9
9
.
3
1
3
.
5
5
.
5
F
r
u
i
t
s
6
0
0
.
1
2
4
3
.
2
3
6
7
.
8
1
4
9
.
2
8
.
1
3
.
7
1
4
.
8
6
.
0
1
9
9
.
0
8
0
.
5
1
4
5
.
9
5
9
.
0
C
o
m
m
.
v
e
g
e
t
a
b
l
e
s
5
2
0
.
5
2
1
0
.
6
2
6
0
.
5
1
0
5
.
4
5
5
.
4
2
2
.
4
1
2
0
.
0
4
8
.
6
5
9
.
8
2
4
.
2
2
5
.
3
1
0
.
2
C
o
m
m
.
s
o
d
5
2
.
7
2
1
.
4
2
8
.
7
1
1
.
7
1
3
.
4
5
.
4
0
.
7
0
.
3
1
4
.
6
6
.
0
0
0
A
l
f
a
l
f
a
h
a
y
3
,
6
9
9
.
1
1
,
4
9
7
.
0
2
,
0
3
0
.
8
8
2
1
.
9
3
8
2
.
6
1
5
4
.
8
9
2
3
.
3
3
7
3
.
7
5
1
3
.
6
2
0
7
.
9
2
1
1
.
3
8
5
.
5
C
l
o
v
e
r
8
T
i
m
o
t
h
y
h
a
y
1
,
9
2
1
.
1
7
7
7
.
3
4
5
2
.
6
1
8
3
.
1
5
8
.
4
2
3
.
6
1
6
1
.
7
6
5
.
4
1
6
4
.
9
6
6
.
7
6
7
.
6
2
7
.
4
C
r
o
p
l
a
n
d
p
a
s
t
u
r
e
1
,
0
4
1
.
6
4
2
1
.
5
5
6
5
.
3
2
2
8
.
7
9
1
.
5
3
7
.
0
2
6
6
.
0
1
0
7
.
6
1
5
5
.
1
6
2
.
8
5
2
.
7
2
1
.
3
I
d
l
e
c
r
o
p
1
a
n
d
7
,
9
4
7
.
4
3
,
2
1
6
.
2
3
,
9
1
8
.
6
1
,
5
8
5
.
8
4
7
7
.
2
1
9
3
.
1
7
1
8
.
3
2
9
0
.
6
1
,
9
5
6
.
9
7
9
1
.
9
7
6
6
.
2
3
1
0
.
1
T
o
t
a
l
c
r
o
p
l
a
n
d
2
8
,
6
0
9
.
2
1
1
,
5
7
8
.
2
1
3
,
0
1
6
.
1
5
,
2
6
8
.
0
2
,
8
4
3
.
4
1
,
1
5
0
.
7
3
,
3
1
6
.
4
1
,
3
4
2
.
1
5
,
3
7
4
.
8
2
,
1
7
5
.
2
1
,
4
8
1
.
5
6
0
0
.
0
I
m
p
r
o
v
e
d
p
a
s
t
u
r
e
9
3
4
.
2
3
7
8
.
1
3
8
5
.
2
1
5
5
.
9
8
7
.
0
3
5
.
2
9
9
.
6
4
0
.
3
1
1
5
.
3
4
6
.
7
8
3
.
3
3
3
.
7
I
m
p
r
o
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Alternative Futures
Any specific set of economic, demographic, and land use projections is
subject to conSiderable conjecture. Therefore, at least two sets of alternative
futures are considered. The projections in this report are based on the 1972
revised OBERS Series C and Series E national economic and demographic projections.
Population, personal income, and the amount of cropland harvested differences
between the two series are caused primarily by different population growth
rate assumption. However, the following additional changes also contribute to
differences in the two projections.
(l) The hours worked per year are projected to decline at the rate of
0.35 percent per year in the Series E data, while Series C assumed a 0.25
percent rate of decline.
(2) The projected rate of increase in product per man per hour in
the private economy is lowered from 3.0 percent in the Series C projections
to 2.9 percent in the Series E projections.
(3) Earning per worker in the individual industries at the national
level are projected to converge towards the all—industry rate more slowly
in the Series E projections than in the Series C projections.
(4) Income data for 1970 and 1971 and total employment data for 1970
were included in the Series E projections. This additional information
was not available for the Series C information, and has caused some changes
in certain area projections.
g (5) On the basis of the President's 1974 budget message to Congress,
a smaller military establishment has been assumedin Series E.
The differences in population growth between the Series C projections
and Series E projections lies mainly in the total fertility rates per 1,000
women assumed to be attained by the year 2005. For Series C the fertility
rates per 1,000 women is assumed to be 2,800 by the year 2005 and for the
Series E projections the assumed fertility rates per 1,000 women are 2,100
for the year 2005. The Series E projections move more quickly towards a
near zero population growth level. Due to the present character of the
age structure of the population, a near zero growth is not reached until
the middle of the let Century. While neither projection trend is an
accurate picture of the eventual growth rate in the Lake Michigan region
by the year 2020, the probable growth rate will likely fall somewhere
in between these ranges.
pemggraphic Trends
Population projections range from a low of 14,709,300 persons to
15,592,600 persons by 1980 based on the Series E and Series C projections
respectively.
Series C projects increased growth throughout the basin for
all three periods.
By 2000, the population level would grow 1.5 times, and
by 2020 1.9 times the population level in 1970.
Series E projects popula-
tion increasing, by 1.25 times for 2000 and 1.37 times by 2020, based upon
1970 levels.
Overall, the two projections forecast either a gradually
increasing population as contained in the Series E projections, or a rapidly
increasing population growth rate, almost doubling by 2020, as contained in
the Series C data.
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 Series
C
projections
range
between
1.8
and
1.9
times
1970
levels
by
2020,
with
the
lowest
rate
of
growth
in
PSA
2.2
and
the
highest
in
PSA
2.3.
Series
E
projections
are
lower
and
range
from
1.2
times
1970
rates
by
2020
in
PSA
2.1
to
1.4
times
1970
rates
by
2020
in
PSA
2.3.
Table 126
DEMOGRAPHIC PROJECTIONS (l) (2)
  
1970
1980
goon
2939
Serial
C
Series
E
Series
C
Series
I
Series
C
2211..
E
Lake Michigan
basin
13,515,843
15,592,600
14,709,300
20,145,900
16,862,500
25,762,200
18,630,000
PSA 2.1
1,008,530
1,130,727
1,066.600
1,434,762
1,156,300
1,845,408
1,201,300
PSA 2.2
9,515,559
10,905,000
10,363,000
13,909,100
11,913,100
17,524,500
13,255,700
PSA
2.3
2,529,869
2,987,600
2,752,900
4,069,700
3,213,100
5,451,300
3,558,200
PSA 2.4
497,885
569,273
526,800
732,338
580,000
940,992
614,000
Economichrends
A
50
percent
difference
in
pOpulation
growth
rates
between
Series
C
and
Series
E
affects
per
capita
income
levels
to
a
lesser
extent.
Per
capita
income
levels
vary
by
about
25
percent
between
the
projections.
The
major
divergence
is
in
PSA
2.1,
where by
the year
2020
the
subarea
is
projected
to
have
a
$13,498
per
capita
income based
on Series
C,
and
$12,000
per
capita
income based on the Series E projections.
Per
capita
income
moves
downward
overall,
toward
the
U.S.
average
rate,
for both projections.
Planning Subarea 2.2 is the only subarea in
which this downward trend is noted, with all other subareas moving up slightly
relative to the U.S. per capita income.
The
relationship
to
the
national
average
is
in
part
dependent
upon
productivity
and
overall
economic
growth,
as
well as
per
capita
consumption
and
demand.
Although
total
employment
figures
differ
in
the
two
projections
based upon population level expectations,
the employment
to population ratio
shows
only
slight
differences.
The
Series
C projections
forecast
the
employ—
ment
to
population
ratios
increasing
slowly
from the
1970
level
of
40 percent
to
42
percent
by
2020,
while
Series
E projects
a
growth
from 40 percent
to
45 percent.
In all planning subareas the acceleration of the employment
to population level is greater in Series E projections than in the Series C
projections.
Total earnings in the Series E projectibns are almost one-half
those projections in the Series C data. With respect to earnings by sector,
the agricultural sector accounts for less than one-half of one percent of
total earnings in both projections by the year 2020. Planning Subarea 2.1
has the highest percentage of earnings from agriculture forecasted-—about
two percent in both Series C and Series E.
Earnings in mining account for less than one percent of total
earnings throughout the time period in both projections. Manufacturing
earnings as a portion of total earnings are projected to decline in both
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Series
C
and
Series
E.
Both
will
decline
about
5
to
6
percent
from
34
p
e
r
c
e
n
t
of
t
o
t
a
l
e
a
r
n
i
n
g
s
in
1
9
8
0
in
Series
E
and
35
p
e
r
c
e
n
t
in
Series
C
to
28
percent
and
30
percent
in
Series
E
and
C
respectively.
The
greatest
decline
for
both
series
is
in
Planning
Subarea
2.3,
where
manufacturing
as
a
p
e
r
c
e
n
t
of
total
e
a
r
n
i
n
g
s
d
e
c
l
i
n
e
s
8
p
e
r
c
e
n
t
f
r
o
m
1980
to
2020.
Only
slight
divergence
exists
between
the
two
projections
for
the
transportation
sector.
Earnings
as
a
percent
of
the
total
decline
by
about
one
percent
in
Series
C
and
one—half
of
one
percent
in
Series
E.
Planning
Subarea
2.4
is
the
only
subarea
with
an
increase
in
transportation
earnings
as
a
percent
of
total
earnings.
The
wholesale
and
retail
trade
sector
earnings
as
a
percentage
of
total
earnings
remains
relatively
constant.
Series
C
shows
a
slight
increase
in
earnings
as
a
percent
of
the
total,
while
Series
E
shows
about
a
2
percent
decrease.
For
Series
E
all
planning
subareas
except
Planning
Subarea
2.4,
show
a
slight
increase
in
earnings
relative
to
the
total,
while
in
Series
E
every
planning
subarea
shows
a
slight
decrease.
Total
earnings
in
finance,
insurance,
and
real
estate
increased
by
about
one
percent
in
Series
E,
with
declines
in
PSA
2.1
and
2.4.
Information
for
Series
C
was
incomplete
for
PSAs
2.2
and
2.4.
Increases
of
about
one—half
of
one
percent
of
total
earnings
are
found
for
Planning
Subareas
2.1
and
2.3.
Both
Series
C
and
Series
E
project
increases
in
the
earnings
of
the
service
sector
as
a
percent
of
total
earnings.
The
increase
is
larger——
from
17
percent
to
23
percent——in
Series
E
with
its
lower
population
projections.
In
Series
C
the
increase
is
from
16
percent
to
19
percent
of
total
earnings.
The
greatest
increase
for
both
projections
is
in
Planning
Subarea
2.0,
which
increases
8
percent
(from
18
percent
to
26
percent)
in
Series
E
and
about
3.5
percent
(from
16.5
percent
to
20
percent)
in
Series
C.
The
projected
earnings
in
the
government
sector
are
about
the
same
for
both
Series
C
and
Series
E.
Both
are
around
13
percent
of
the
projected
total
earnings
in
1980
and
increase
to slightly under
16 percent
for
Series
E
and
slightly
over
16
percent
for
Series
C by
2020.
Series
C
projects
that
the
greatest
growth
of
the
government
sector will
occur
in PSA
2.4
from
20
to
28
percent
of
total
earnings.
While
Series
E
foresees the
largest
increase
in Planning
Subarea
2.4
as well
(from
18 to
25 percent
of
total
earnings),
it also foresees an almost equal increase in Planning Subarea 2.2.
Compared to the 1970 information of earnings by industry,
the proportion
of earnings from different sectors of the economy remains relatively stable
(less than 5 percent increase or decrease with the exception of manufacturing
and services.
Manufacturing is projected to decrease from the current Lake
Michigan average of 37 percent of total earnings to around 28 to 30 percent
of total earnings by the year 2020.
Services will grow from14 percent of
the total earnings to 19 to 23 percent of total earnings by 2020.
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Table
127
‘2POPULATION,
EMPLOYMENT,
PERSONAL
INCOME
AND
EARNINGS
BY
INDUSTRY;
1970,
1980,
2000
AND
2020(
)
SERIES
E
PROJECTIONS
Lake
Michigan
PSA
2.1
1970
1980
2000
2020
1970
1980
2000
2020
Population,
midyear
13,551,843
14,709,300
16,862,500
18,630,000
1,008,530
1,066,600
1,156,300
1,201,300
Per
capita
income
(19673)
3,890
5,300
9,000
14,300
2
968
4
100
7
200
Per
capita
income
Rel.
(U.S.—l.00)
1.12
1.13
1.10
1.08
’.85
’.87
’.89
12,032
Total
employment
5,446,825
6,595,900
7,823,500
8,475,600
375,468
444,800
502
300
517
300
Employment/population
ratio
.40
.45
.46
.45
.37
.42
,
43
',43
 
--
————————— In
Thousands
of
1967
Dollars—-—-——————————-— -----------------
Total
personal
income
52,720,518
78,386,000
150,924,400
259,727,600
2,993,811
4,446,100
8,432,300
14,522,400
Total
earnings
42,865,456
62,965,000
113,475,400
207,051,000
2,353,381
3,438,900
6,416,400
10,988,700
Agriculture,
forestry
&
fisheries
433,743
551,300
639,400
796,700
149,337a
6,000
196,900
246,000
Agriculture
545»5°0
630.900
784.100
164,800
195,500
244,200
Forestry
and
fisheries
5,600
8,500
12,200
1,000
1.300
1,700
Mining
71.141
89,200
105,100
133,500
8,197a
0,100
10,800
13,100
M
e
t
a
l
6
,
0
0
0
5
,
6
0
0
6
,
1
0
0
6
,
0
0
0
5
,
6
0
0
6
,
1
0
0
Coal
1,700
2,700
4,000
Crude
petroleum
&
natural
gas
17.500
20,000
23.900
(8)
(s)
(8)
Nonmetallic,
except
fuels
62.800
75.600
98,200
4,000
5,100
7,000
Contract
construction
2.671.845
4.045.000
7.113.400
111551.300
140.581a
7,100
357,200
589,700
Manufacturing
15.741.440
21,530,400
36,013,100
57,670,400
924,93Za
Food
5
kindred
products
1,545,900
2.064.200
2.799.500
1'3021333
2'133'333
3'333’333
Textile
mill
products
66.500
80.300
104,000
14,300
19,300
26,300
Apparel
8
other
fabric
products
274,800
373,500
523,900
9,800
12,900
17,900
Lumber
products
6
furniture
645.200
973.800
1,436,900
77,000
113'300
166,100
Paper
and
allied
products
981,800
1,729,800
2,817,600
9,900
636’300
1
045'900
Printing
and
publishing
1,642.000
2.986.600
4.991.400
2
900
95,000
.151
600
Chemicals
and
allied
products
1,201,000
2,468,900
4,461,700
12,100
27.600
54.900
Petroleum
refining
263,200
399.600
585,900
'200
'300
.300
Primary
metals
2.229.900
2.965.200
3.946.200
56
400
85
100
121
300
Fabricated
metals
&
ordinance
2.451.300
4,372,000
7,148,100
3:800
199,000
320,500
Machinery
excluding
electrical
3,202,900
4,627,200
6,766,800
261
900
1.38:100
804,100
Electrical
machinery
6
supplies
2,794,000
5,656,900
10,246,800
41:600
70
300
115'500
Motor
vehicles
8
equipment
1.471.700
2.509.200
4,033,400
9
500
86,500
140,700
Transportation
equip.,
excl.
mts.
528,200
824.900
1,198,700
16,400
25:700
37:100
veha.
'
Other
manufacturing
2,229,600
3c9771800
5.607.000
5,200
243,500
418,300
Trans.,
comm.
6
public
utilities
3.035.695
4.295.000
7.702.000
13,031,000
138,185a
208,800
392
300
677
800
Wholesale
and
retail
trade
7.404.823
10.279.700
17,942,800
29,505,500
374,631
530,400
919
900
1
477
400
Finance,
insurance
8
real
estate
2.137.872
3.462.800
7,267,200
13,504,000
62,5533
5.600
259
000
493
500
Services
6,112,647
10,744,700
24,670,000
48,651,200
263,820
473,200
1,102,000
2.176.600
Government
5,153,896
7,965,300
17,021
000
32,206
100
260
044
25
5
Federal government
968,460
1,392,200
2,794:300
5,‘50:000
33:925
4‘8.ogg
322.333
l.f;z.:gg
State and local government
3,838,565
6,251,500
13,709,100
25,917,500
231,500
361:200
7671200
1 ‘023600
Armed forces
346,871
321,300
517.200
838.200
1"5‘0
15.30“
242600
1 39:900
 
  
Table127 Cont'd.
PSA 2.2
PSA 2.3
1970
1980
2000
2020
1970
1980
2000
2020
Population, midyear
9,515,559
10,363,000
11,913,100
13,255,700
2.529.869
2,752,900
3,213,100
3,558,200
Per capita income (1967 dollars)
4,185
5,600
9,400
14,900
3,364
4,700
8,000
13,200
Per capita income Rel.
(U.S.=1.00)
1.20
1.19
1.16
-
1.13
.97
.99
.99
1.00
Total employment
3.918.980
4.741.600
5,619,200
6,106,300
980,478
A
1,202,700
1,459,900
1,595,300
Employment/population ratio
.41
.46
.47
.46
.39
.44
.45
_45
Total personal
income
39,819,026
58,839,800
112,360,700
197,885,700
8,509,853
12,964,900
25,990,200
46,986,100
Total earnings
32,755,005
47,852,900
89,135,700
154,976,700
6,729,436
10,136,900
19,953,500
35,801,700
Agriculture,
forestry 6
fisheries
122,2648
160,800
183,600
228,600
180,9948
195,200
227,900
284,100
Agr1cu1ture
157,700
178,500
220,700
194,400
226,800
282,500
Forestry and
fisheries
3.000
5,100
7,800
800
1,100
1,500
Mining
54,9783
61,100
68,800
85,000
6,474b
12,000
17,300
23,900
Metal
(8)
(8)
(a)
coal
1,700
2,700
4,000
Crude petroleum & natural gas
13,700
14,600
16,700
3,800
5,400
7,200
Nonmetallic,
except
fuels
45,500
51,200
64,100
8,100
11,800
16,600
Contract construction
2,103,648
3,183,300
5,513,400
8,856,900
365,080
558,800
1,049,300
1,782,100
Manufacturing
11,565,836
15,642,600
25,809,700
~ 41,157,600
2,875,912
4,095,100
7,109,100
11,529,400
Food & kindred products
1,156,800
1,496,200
1,995,300
227,500
329,900
465,200
Textile mill products
41,300
46,600
58,200
10,900
14,400
19,500
Apparel
6 other
fabric products
199,300
256,000
347,300
63,200
101,500
154,900
Lumber
products
6 furniture
333,000
495,500
726,800
211,800
337,400
510,500
Paper and allied products
454,000
814,000
1,338,500
151,000
230,300
351,000
Printing and publishing
1,435,400
2,598,500
4,341,000
143,800
275,900
472,000
Chemicals
and
allied
products
947,100
1,893,900
3,371,500
211,000
463,800
860,100
Petroleum
refining
252,700
382,300
559,800
7,200
12,700
20,000
Primary
metals
1.340.200
2.421.400
3,205,400
246,500
361,700
508,100
Fabricated
metals
& ordinance
1,843,600
3,278,600
5,355,300
455,300
811,500
1,321,200
Machinery,
excluding
electrical
2,226,700
3,017,300
4,253,200
579,300
899,200
1,359,200
Electrical machinery 6
supplies
2,431,100
4,891,600
8,823,600
298,800
630,600
1,168,800
Motor
vehicles
8
equipment
545,900
910,300
1,441,600
865,100
1,497,600
2,431,200
Transportation equip., excl.
mtr.
284,600
417,900
588,900
224,400
378,700
568,300
vehs.
Other manufacturing
1.650.200
2,333,900
4,759,400
398.600
763,200
1,318,600
3
7
6
 
Trans.,
comm.
& public
utilities
2,492,312
3,487,900
6,139,900
10,250,500
341,673
494,600
961,600
1,723,600
Wholesale and retail trade
5,863,370
8,017,200
13,788,300
22,516,800
1,008,860
1,469,600
2,738,700
4,659,300
Finance,
insurance & real estate
1,816,851
2,897,700
5,981,700
11,038,300
232,646a
403,500
919,900
1,764,700
Services
4,918,798
8,589,000
19,486,400
38,062,900
799,179
1,459,000
3,613,400
7,531,000
Government
3,805,258
5,812,800
12,163,400
22,779,800
908,084
1,448,700
3,316,100
6,503,200
Federal
government
813,273
1,157,700
2,297,500
4,445,800
104,683
161,200
351,700
725,100
State and local government
2.691.497
4,383,400
9,428,800
17,626,500
779,458
1,261,100
2,921,500
5,707,700
Armed
forces
300,487
271,700
437,000
707,400
23,943
26,300
42,800
70,200
 
Table 137 Cont'd.
 Talmle‘lzg Corzc'd.
  
Population,
midyear
Per
capita
income
(1967
dollars)
Per
capita
income
Rel.
(U.S.-l.00)
Total
employment
Employment/population
ratio
Total
personal
income
Total
earnings
Agriculture,
forestry
6 fisheries
Agriculture
Forestry
and
fisheries
Mining
Metal
Coal
Crude
petroleum
5
natural
gas
Nonmetallic,
except
fuels
Contract
construction
Manufacturing
Food
&
kindred
products
Textile
mill
products
Apparel
& other
fabric
products
Lumber
products
a
furniture
Paper
and
allied
products
Printing
and
publishing
Chemicals
and
allied
products
Petroleum
refining
Primary
metals
Fabricated
metals
& ordinance
Machinery,
excluding
electrical
Electrical
machinery
&
supplies
Motor
vehicles
6
equipment
Transportation
equip.,
excl.
mtr.
vehs.
Other
manufacturing
3
7
7
 
Trans.,
comm.
&
public
utilities
Wholesale
and
retail
trade
Finance,
insurance
6
real
estate
Services
Government
Federal
government
State
and
local
government
Armed
forces
*Employment
is
for
1960.
1970
———_
4
9
7
,
8
8
5
2,808
.81
171,899
.35
1,397,828
1,027,634
31,148a
1,492d
62,536
374,760e
63,525a
157,962
2
5
,
8
1
7
a
130,850
160,510
16,579
136,030
7,901
a—represents
80.0
to
99.9
percent
of
the
true
value
b-represents
60.0
to
79.9
percent
of
the
true
value
c-represents
40.0
to
59.9
percent
of
the
true
value
I__
 
PSA 2.
1980
526,800
4,100
.86
206,800
.39
2,135,200
1,536,300
29,300
28,600
800
6,000
(3)
(s)
5,200
105,800
484,700
34,800
(5
)
2,500
23,400
26,900
9,900
30,800
3,100
86,800
38,600
135,000
22,500
11,200
2,800
55,600
103,700
262,500
4
6
,
0
0
0
218,500
278,300
25,300
245,800
8
,
0
0
0
[4.
2000
580.000
7,100
.88
241,600
.42
4,141,200
2,969,800
31,
000
30,100
1,0
00
8,200
(5)
(5)
7,500
193,500
800,800
4
8
,
1
0
0
(5)
3,100
27,600
49,200
17,200
83,600
4,300
97,000
82,900
222,600
63,900
14,800
2,600
82,200
208,200
295,900
106,600
468,200
656,700
52,
200
591,600
12,800
2020
614,800
11,900
.90
256,700
.42
7,333,400
5,283,900
38,000
36,
700
1,200
11,500
(5)
(5)
10,500
322,600
1,288,400
65,500
(5)
3,800
33,500
82,200
26,800
175,200
5,800
111,400
151,100
350,300
137,900
19,900
4,400
119,700
379,100
852,000
207,500
880,700
1,303,900
102,500
1,180,700
20,700
d-represents
20.0
to
39.9
percent
of
the
true
value
e-represents
zero
to
19.9
percent
of
the
true
value
s-too
small
to
project
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POPULATION, EMPLO
YMENT, PERSONAL
INCOME AND
Table
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EARNINGS BY INDUSTRY: 1970, 1980, 2000, AND 2020
LAKE M
ICHIGA
N
SERIES C
(l)
Populati
on. midy
ear
Per caplta inco
ee (1967 dollar
)
Per capita inco
ee Rel. (0.5. -
1.00)
Total Employenent
Enploynent/population ratio
Total pers
onal incom
e
Total
Earning
s
Agricultural, foreatry E fisheries
Agriculture
Forestry and fisheries
Mining
Metal
Coll
Crude petroleue 6 natural gaa
Noneettallc. ex apt fuel-
Contract conetructlon
Manufacturing
Food 6 kindred product.
Textile will producta
Apparel 6 other fabric products
Lumber products 6 furniture
Paper and allied products
Printing and publiehing
Cheeicala and allied products
Petro1eun refining
Fabricated metals 6 ordinance
Machinery excluding electrical
Electrical nech
inery & eupplie
a
Motor vehicles 6 equip-en:
Tranaportation
equip.. excl. n
ts.
veha.
Other nenufecturing
Trans., comm. 6 public utilities
wholesale and retail trade
Finance, insura
nce 6 real esta
te
Services
Government
Federal govern-Int
State and local govern-en:
Armed forces
Lake lichilan
1970
13,551,863
3,890
1.
12
5,666,825
.60
52,720,518
62,865,656
683,763
71,161
2,671,865
15,761,660
3,03
5,69
5
7,606,823
2,137,872
6,11
2,66
7
5,15
3,89
6
968,660
3,838,565
366,871
1980
15,592,600
5,373
1.13
6,616,600
.61
83,775,900
67.177.380
578
,28
0
116,700
6.311.600
23,783,900
(D)
(D)
(0)
767,100
1,053,300
1,708,600
1,226,800
(0)
2,565,100
2,668,300
3,929,600
2,969,700
653,200
(D)
(D)
11,863,600
(0)
10,520,300
8,639,600
616,900
2000
20,165,900
9,173
1.11
8,601,000
.62
186,797,800
166,611,600
736,100
186,900
9,066,200
66,630,300
(
D
)
(D)
(
0
)
1.31
5.60
0
2,207,900
3,619,700
2,719,600
(
D
)
6,062,600
5,301,600
7,729,600
6,668,200
1,323,500
(0)
(D)
25,628,000
(
D
)
25,772,100
21,667,600
698,500
2020
25,762,200
15,577
1.09
10,808,200
.62
601,296,300
307,9
31,90
0
1,283,600
1,265,800
16,700
308,
100
18,836,100
92,639,100(d)
16,651,900
2.696.600
(D)
(D)
55,01
5,200
(D)
59,08
5,100
50,216,700
1,16
6,90
0
1970
1,008,530
2,968
.85
375,668
.37
2,993,811
2,353,381
169,337(A)
8.197(A)
160,581(A)
926,937(A)
138,185A
376.631
62,558A
263,820
280,066
33.925
231,530
14,540
PSA 2.1
1980
1.130.727
4.204
.88
626.692
.38
6,756,029
3,795,592
172,390
96,960
226,000
1,611,100
159,130
16,300
(d)
92,500
365.180
53.650
13,300
(d)
66,310
115,920
295.260
66.600
21.655
129,260
206.600
610.670
(
d
)
672,600
582,900
15,900
2000
1,636,761
7,619
.92
557,393
.39
10,930,680
8,558,607
228,700
150,130
507,360
2,971,600
231.900
10,
700
(
d
)
153.500
696.650
106.050
34,320
(d)
124,140
216,750
140.200
100,000
65,105
278,950
630,600
1,616,300
(
d
)
1,266,100
1,517,000
26,510
2020
1,865,608
13,698
.95
731,663
.60
26,910,096
19,357,277
398,650
265,350
1,135,700
6,286.550
357,800
25,000
(d)
263,860
1.608.350
260,910
82,660
(6)
221,300
613,560
1,728,230
526,970
96,110
599,870
931,000
3,253,300
(d)
3,080,850
3,613,800
44.300
 
 
  
Table
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Cont'd.
PSA
2.2
PSA
2.3
1970
1980
2000
2020
1970
1900
2000
2020
Population,
.1dyur
9,515,559
10,905,000
13,909,100
17,520,500
2,529,009
2,907,600
0,009,700
5,051,300
Per
cnpiza
incon
(1907
don“)
0,165
5,705
9,709
16,306
3,360
0,710
6,215
10,216
For
cayite
intone
11-1.
(0.0.
-
1.00)
1.20
1.21
1.17
1.15
.97
.99
.99
1.00
Total
hployenent
3,918,980
0,553,400
5,875,000
7,630,300
980,078
1,218,100
1,660,800
2,267,700
saployneutlpopulation
ratio
.01
.02
.62
J02
.39
.01
.61
.01
10:11
pcrlonll
income
39,819,026
62,651,900
135,060,300
286,653,500
8,509,853
10,083,700
33,633,600
77,697,600
Tate],
Earninsl
32,755,005
50,326,200
105,722,700
219,511,200
6,729,636
11,297,700
26,126,500
59,365,600
Auicultural,
forestry
ﬁlial-ed“
122,26“
156,100
191,500
336,300
130,99“
215300
271.900
"9'500
Alﬂc‘lllu"
152,600
180,900
322,600
215,000
273,900
077,800
Forestry and
fisheries
3,600
6,600
11,700
(5)
(3)
(5)
Mining
50.9701
(13)
(n)
(0)
6.97%
12.000
21.300
38.300
Hatnl
Coal
16,200
18,100
20,100
2.900
6.1900
6.400
Crude petroleum in natural gas
Non-ettalic, except fuels
66,200
107,200
186,000
9.000
16,900
32,000
Contract
construction
2,103,600
3,356,100
6,658,900
13,053,000
365.080
636.700
1.978.000
3.306.000
3
'
7
9
Manufacturing
11,565,836
17,003,700
32,533,000
63,120,100
1.675.912
9.706.800
9,806,600
20,009,200
Food 6 kindred productl
(D)
(D)
(a)
239.900
305,200
636,000
Text”. 11111, products
68,900
63,500
89,000
16,000
25,000
00,000
Apparel & othét fabric product.
(0)
(D)
(0)
70.900
137,600
362,000
Lumber products 6 furniture
399,500
689,900
1,228,200
245,900
632,300
730,200
Paper and e11ied productl
589.800
1.0“,‘00
2,381,700
168,600
363.200
713.600
Printing and publiahing
115017900
2.931.600
6,020,700
100,700
316,500
693,200
Chenicala and Allied products
975,900
2.115.900
5.523.600
202.700
“2.600
1.070,100Petroleun reﬁning
155.500
“M700
617.500
6.100
10.000
16,800
Fabricated metals
6 ordinance
2.115.200
3.265.000
5.054.100
236.500
533.000
968.600
Machinery excluding electrical
1-9079590
3 659 «100
7.056.300
575-700
1,237.900
2,830,500
Electrical machinery (- supplies
21673-009
‘93659500
9,0“.‘00
737-400
1.573.600
3.3‘2,200Motor vehicles (- equipment
2,569,900
5,780,200
12,506,300
296,300
627,300
1,301,000
Trlneportetion equip., excl, ltl.
vehe.
Other nnnufacturing
Tran-q
001-.
5
public
0:111:10.
2.492.312
3.673.600
6-575-500
“$58,700
301,673
099,100
1,000,300
2,202,000
3103.800
663,800
1,296,700
279.000
591,100
1.265.700
(D)
(D)
(0)
659,900
1,033,300
2,290,100
"71019.11.
end
retail
trade
5.853-370
9-2321800
19.455300
‘°~7°6»°°°
1,008,860
1,710,000
0,070,000
9,096,000
Finance,
insurance
a
real
estate
1-“6~851
(D)
(D)
(D)
232.60611
391,900
951,000
2,250,000
S
m
u
t
”
0,910,796
6,306,100
19,807,600
00,167,700
799,179
1,510,100
0,157,000
10,510,600
3.323.513
5,899,500
10,610,300
33,320,000
900,000
1,609,500
0,315,300
10,565,700
.
100,663
2,691,097
779,058
300.967
357.200
598.200
998.500
23,903
30,700
56,700
96,900
Government
Pedernl govern-en:
State and local government
Arned force;
 3
8
0
Ta
bl
e
12
8
Co
nt
‘d
.
Pop
ula
tio
n.
dd
yu
z
to:
cut
e:
1m
:-
(19
07
an
y)
h:
mi
n n
eon-
m.
a...
- 1.
“)
road
. m
ay
“:
Wh
op
du
tn
rat
io
T
O
N
M
M
r
a
m
s
.
a
n
Wa
nt
-1
, t
ot-
mi.
2mm
.-
A‘rlcuuuu
.
Partn
er, .
4 “t
han.
M
has].
Coal '
and.
90m
l“.
6 Me
an).
an
ban
ana
. m
ap:
20.1
:
Con
tra
: m
ut
at
io
n
Manufa
cturin
g
Food
5 un
dud
man
na
1.821
1. 111
.11 pr
oduct
s
Appcr
tl E
och“-
Elhri
c pro
ducts
Lube:
produc
t: 5 t
unic“
.
Papa:
and .1
11“ p
roduct
:
Prin
ting
and
publ
ishi
ng
Cha
nta
l:
and
3111
.“
prod
ucts
Poml
m 1111
mm;
hbr
tuu
d m
an
5 ma
ne.
Michi
ncry
exclu
ding
doct
ricd
met
ric
al.
unc
hme
5 31
3991
1“
Mot
or
whi
z].
..
‘- q
uip
-an
t
“I
mm
un
e «
0119
.. m
1.
nu.
vm.
Oahu
Inn
uen
do;
Inn..
. oo
h. 6
publi
c mu
m“
“blu
sh AM
null
:21“
Pm
. i
naue
r & 2
.31 “
can
Sw
im
awn-nut
radar
s].
gov
-rm
:
Sun
and
10:1
1 ge
nrm
nt
A!“
fores
t
1970
1.900
697.885
569.273
2.308
6.010
.81 .86
171.399
216.60
. 35
.38
1.397.828 2.282.971
1.027.634 1,757,888
31. 16
8;
35,590
33. 730
(S)
1.49%
7, 760
(D)
(0
)
7.005
62.536
96.600
374.76% 622.300
36,
970
(D)
3.9
90
30.
200
30.
720
9,050
34.900
(D)
96.990
69.680
223.760
20.900
8 . 96$
60.
160
63.525A (D)
157 .962 290. 130
25.817 (0)
130,850
225, 700
160.510
367. 700
16.579
136,030
7. 901 9 .100
0
5
2
1
2000
732.338
7.359
.89
297.
807
. 39
5 . 389. 220
0.203.593
61.000
39,
900
(5)
13.
670
(0
)
(0)
12.
500
219
.50
0
1.
31
6.
70
0
56,900
(D)
7.450
39.900
65.850
18.
650
96.780
(0)
135.
860
137.850
see.
9oo
52.700
23.
095
111
.55
0
(D)
678.900
(
0
)
563.000
1.024.500
15.
090
2020
960.992
13.213
.93
378.557
.AO
12.b33.106
9.697.823
71.350
69.840
(5)
2b .
250
(
D
)
(0)
23.000
699.000
2.821.250
90.600
(0)
13 .
900
57.
660
139.350
38.690
246, 160
(0)
193.000
337.660
1. 278.870
119.
630
58.
090
212.530
(
0
)
1.55
9.50
0
(0)
1.32
5, 75
0
2.690.800
25,200
 
  
é
g
r
i
c
u
l
t
u
r
a
l
T
r
e
n
d
s
C
o
r
n
f
o
r
g
r
a
i
n
,
o
a
t
s
,
w
h
e
a
t
,
c
o
m
m
e
r
c
i
a
l
v
e
g
e
t
a
b
l
e
s
,
a
n
d
s
o
y
b
e
a
n
s
w
i
l
l
c
o
n
t
i
n
u
e
to
b
e
t
h
e
m
a
j
o
r
c
r
o
p
s
p
r
o
d
u
c
e
d
i
n
t
h
e
L
a
k
e
M
i
c
h
i
g
a
n
b
a
s
i
n
b
a
s
e
d
o
n
b
o
t
h
t
h
e
S
e
r
i
e
s
C
a
n
d
E
p
r
o
j
e
c
t
i
o
n
s
.
C
r
o
p
s
s
h
o
w
n
as
i
n
c
r
e
a
s
i
n
g
i
n
S
e
r
i
e
s
C,
b
u
t
d
e
c
r
e
a
s
i
n
g
t
h
r
o
u
g
h
o
u
t
t
h
e
t
i
m
e
p
e
r
i
o
d
i
n
S
e
r
i
e
s
E
a
r
e
w
h
e
a
t
,
rye,
and
b
a
r
l
e
y.
The
crops
for
w
h
i
c
h
the
Series
E
p
r
o
j
e
c
t
i
o
n
s
are
s
i
g
n
i
f
i
-
c
a
n
t
l
y
h
i
g
h
e
r
than
Series
C
a
r
e
corn
for
grain,
soybeans,
a
n
d
c
o
m
m
e
r
c
i
a
l
ve
g
e
t
a
b
l
e
s
.
For
the
o
t
h
e
r
crops,
Series
C
p
r
o
j
e
c
t
i
o
n
s
are
g
e
n
e
r
a
l
l
y
h
i
g
h
e
r
,
b
o
t
h
o
n
t
h
e
L
a
k
e
M
i
c
h
i
g
a
n
a
n
d
t
h
e
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
l
e
ve
l
.
Planning
Subarea
2.4
contains
about
the
same
crop
production
levels
compared
to
the
basin
as
a
whole
for
both
projections.
Planning
Subarea
2.2
s
h
o
ws
r
o
u
g
h
l
y
e
q
ua
l
d
e
c
l
i
n
e
s
of
p
r
o
d
u
c
t
i
o
n
in
r
e
l
a
t
i
o
n
to
the
total.
T
h
e
other
planning
Subareas
differ
as
to
the
extent
of
increase
or
decrease
as
a
percent
of
the
total.
Planning
Subarea
2.1
shows
a
moderate
increase
of
total
cropland
production
in
relation
to
the
Basin,
for
Series
C,
but
Series
E
shows
a
greater
than
10
percent
increase.
Series
C
also
shows
a
much
greater
decline
in
production
in
relation
to
the
total
than
does
Series
E
for
PSA
2.3.
Overall,
Series
C
projects
an
increasing
concentration
of
crop
production
in
Planning
Subarea
2.3,
while
Series
E
projects
production
to
have
roughly
equal
shares
in
PSA
2.1
and
2.3,
with
lesser
amounts
in
PSA
2.2
and
a
very
small
amount
of
total
production
in
PSA
2.4.
The
major
differences
between
the
two
projections
are
in
wheat
and
soybeans.
Wheat
is
projected
to
grow
141
percent
in
Series
C
but
to
decline
26
percent
in
Series
E.
Most
of
this
projected
growth
occurs
in
Planning
Subarea
2.3.
Soybeans
are
projected
to
increase
428
percent
in
Series
E
but-only
140
percent
in
Series
C.
Much
of
this
growth
would
occur
in
PSA
2.3.
381
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CROP PRODUCTION PROJECTIONS 1980, 2000
(1,000 units)
& 2020 SERIES C(é)
 
 
Crag
"ﬁltt
Oats
Rye
Hurley
Elle.
SI.
Grain-
corn
for
grain
Guru 3110;!
Soybeans
Dry Edible Bonn.
Sugar lent:
rotates:
Fruits
Conn. Veg-tablo-
Co-erc 1.1 Sod
Alfalfa Iny
Cl—TiI-Oth—llly
Cropland Pasture
Idln Cropland
TOTAL CROPLAND
Ilprovod Pastur-
IIPIOVIbll Plot.
N—I-prv. Pasturn
TOTAL PASTURE
TOTAL AG.
1
LAND
 
Tons
CH1
I
Ton
Ton
Q
 
Current
Nor-I1
22.336
56.111
1980
35.025
86.258
673
1.036
1.632
2.810
NA
NA
186.688 219.079
7.858
8.832
17.592
28.396
792
1.831
31
0
9.729 9.722
618
936
22.051
37,788
 
5.129 5.907
769
987
NA
850
7
7
3
1.263
56
1.719
Lat. Nicki an basin total:
2000
66.297
80.983
69.186
1.345
2.696
NA n1
286.805
373.673
11.279 15.155
32.785
62,278
2.585 3.691
0 0
13.623
1.366
53.
593
19.233
1.919
76.759
6.0
07
950
993
6.189
96
7
1.366
888
1.132
60
957
1.252
6
3
2.272
PSA 2.1
Current
Norma
28.0.
627
732
32.509
55.653
81
175
667
592
NA
NA
18.115
18.830
3.577
3.636
193
632
0
0
0
0
6,110
6,627
69
39
10.678
21.503
 
2.660
3.121
301
605
NA
386
237
351
33
621
2000
1.072
52.596
2
0
0
56
6
NA
27.060
5.136
6
3
3
0
0
6.231
56
32.766
3.1
26
6
0
3
695
281
297
38
Current
Nprmal
6
.
7
0
1
M
1.668
50.790
220
77
650
356
NA
NA
68.602
87.270
7.117
1.985
628
12.035
0
0
0
0
8.930
1.672
79
21
67,667
5,157
 
2.886
1,165
395
130
685
NA
312
330
6
3
685
11.061
PSA 2.2
12
22
7,660
7.908
171
698
NA
92.918
2.5
26
20.026
0
0
1.6
96
11
6.5
16
1.015
1
6
5
150
191
201
23
6
2
2992
6.368
10.885
226
520
NA
119.176
1.
76
7
21.012
0
0
2.176
1
6
6,951
653
100
9
2
18
2
136
22
m
5.
6.
111.358 75.636
1
.
.818
26
2
6.
.828 2.775
PSA 2.3
Current
Nora-1
632 16.186
875
9.777
305 610
293 586
NA
NA
1980
25.182
20.766
53
2
1.362
NA
 
103.533
1.851 2.197
5.357 7.938
0 698 1.797
0 31
0
3.1
77
513
7.238
797
22 337
859
6.896
1.3
86
323
262
599 1.177
89 256
103 NA
211
629
1
6
7
122
20
’09
660
2000
36.663
15.
762
763
1.6
21
NA
137.768
3.395
11.
360
2,555
0
6.783
738
10.626
1.6
72
36
1
315
256
606
2020
68.785
9.669
1.0
37
1.3
77
NA
208.066
6.381
16.
832
3.671
0
7.071
1.055
15.632
1.892
363
619
280
655
735
Current
Nor-I1
 
1.022
1.3
86
105
25
NA
3.3
67
665
7
31
0
1.172
1
v
211
52
2
36
7
8
2
PSA 2.6
mg
1.6
71
2.151
156
178
3.798
677
3
6
626
371
2.533
38
7
116
5
2
1
3
6
282
2000
2.2
16
1.760
17
6
211
2.803
1,001
30
635
536
3.6
75
553
10
6
9
1
17
1
29
7
2020
3.0
82
1.872
225
5.869
1.860
2
0
6
0
6
7
6
3
6.801
81
6
10
0
139
198
36
5
563
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C
R
O
P
P
R
O
D
U
C
T
I
O
N
P
R
O
J
E
C
T
I
O
N
S
,
1
9
8
0
,
2
0
0
0
&
2
0
2
0
(
4
)
SERIES E
(1000 units)
   
M
M
J
I
L
L
Qatari,
- canary
Our-Icy
C202
m
log
1980
20m
2020
loml
19m
2000
2020
lam}
pg
2000
_!.__
Hunt
In.
26.336
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Livestock Trends
Table 131 and 132 present the livestock production for 8 live—
stock products from OBERS Series C and E data, In Series C, all livestock
production is projected to increase throughout the time period 1980—2020.
Series E projects increases for beef and veal, pork, turkeys, and milk
only, with other livestock projected to decline throughout the time period.
With Series C each planning subarea's share of the Lake Michigan
total projected output remains constant. In Series E projected shares vary
between .1980 and 2020 with the most significant variance being boilers
declining in PSA 2.3 from 44 percent of the Lake Michigan total in 1980
to only 1 percent of the total by 2020, and increasing in PSA 2.1 from
36 percent to 70 percent of the Lake Michigan total.
PSA 2.3 will produce the bulk of the livestock in both projections.
Planning Subarea 2.4 generally produces less than 10 percent of the total
in both projections. Beef and veal production will be fairly well spread
with slightly over one third of the production in each of PSAs 2.1 and
2.3, and another 20 to 24 percent in PSA 2.3. Planning Subarea 2.3 is the
predominate produCer of pork, with around 46 percent of the total.
PSA 2.2 will have 25 to 34 percent, and PSA 2.1 another 21 to 27 percent
of the livestock total. Lamb and mutton will also be concentrated in PSA
2.3, with from 56 to 83 percent of the total. The concentration is greater
in Series C, where the other planning subareas have less than 10 percent
of the total each. Series E projects that PSA 2.1 will have 11 to 14 per—
cent of the total lamb and mutton, and PSA 2.2 another 17 to 21 percent.
Fifty three percent to 70 percent of the chickens are found in
PSA 2.3 in all time periods. Another 20 to 24 percent are in PSA 2.2.
In Series C, almost 80 percent of the boiler production is in PSA 2.3 in
both time periods. Series E however, projects the share in PSA 2.3 will
decline from 44 percent in 1980 to only 1 percent in 2020. PSA 2.1 will
vary between 16 percent in Series C and 70 percent in Series E of the
total boiler production by 2020. Planning Subarea will have between 4
percent and 29 percent of all the boilers by 2020. Turkeys are concentrated
in Planning Subarea 2.3 with from 77 to 86 percent of the total. No
other planning subarea has more than ten percent of the total in any time
period.
Planning Subarea 2.3 contains from 59 to 74 percent of the
egg production in the Lake Michigan basin. Planning Subarea 2.2 will have
most of the remainder or from 12 to 18 percent of the total. Planning
Subarea 2.4 is the primary dairying area in the Lake Michigan basin, with
from 55 to 62 percent of the total milk production. Planning Subarea 2.2
has 15 to 19 percent, and PSA 2.3 another 16 to 24 percent of the total
milk production.
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Table 131
PROJECTED
LIVESTOCK
PRODUCTION(5)
SERIES
C
(1,000
units)
Lake
Michigan
basin
PSA
2.1
Livestock
Production
Units
1960
1980
2000
2020
1960
1980
2000
2020
Beef
&
Veal
1b
670413
833729
1169930
1643617
245535
320084
449158
631015
Pork
1b
560073
723732
999036
1386319
158187
195524
269900
374529
Lamb
& Mutton
1b
18635
18728
26177
36746
1754
871
1218
1709
Chicken
1b
35996
31473
43325
59963
6548
2967
4084
5653
Broilers
1b
51733
47491
64800
89212
8548
7695
10500
14456
Turkeys
1b
35915
85488
117387
162311
2497
6953
9548~
13202
Eggs
doz
165261
155884
214446
297800
33802
13781
18959
26328
Milk
1b
10210911
11448437
15679903
21641352
5048027
6289170
8613715
11888622
   
PSA
2.2
PSA 2.3
PSA
2.4
Livestock
Production
Units
1960
1980
2000
2020
1960
1980
2000
2020
1960
1980
2000
2020
Beef
& Veal
lb
202336
164480
230806
324256
178089
297234
417094
585969
44453
51931
72872
102377
Pork
1b
176370
182753
252271
350066
213667
336388
464348
644355
11849
9067
12517
17369
Lanb
& Mutton
1b
3991
1727
2413
3388
11761
15507
21675
30427
1129
623
871
1222
Chicken
1b
8260
7644
10522
14563
18990
116613
22869
31651
2198
4249
5850
8096
Broilers
lb
1738
1738
2371
3264
32545
37108
50633
69707
1037
950
1296
1785
Turkeys
1b
2324
2324
3191
4412
25011
73113
100394
138815
4503
3098
4254
5882
Eggs
doz
27364
27364
37644
52276
79998
91704
126154
175190
9707
23035
31689
44006
Milk
1b
1704192
1704192
2334080
3221490
2265380
2801412
3836844
5295600
519710
653663
815264
1235640
 
To
Convert
From
22
Multiglx
82
Pounds
(1b)
Kilograms
(kg)
0.454
 
 Table 132
PROJECTED
LIVESTOCK
PRODUCTION(2)
SERIES
E
(1,000
units)
P54 2.1"
2
0
0
0
Lake
Mich
igan
basi
n
1980
2000
2020
PSA 2.2
2000 20201980
2020
Live
stoc
k
Production
1980
Units
  
Beef 6 v
eal
1b
Pork
1b
Lamb 6 mutton 1b
Chicken 1b
Broilers 1b
Turkeys 1b
Eggs
doz
Milk
807,646.4
647,
203.
5
2,4
52.
0
16,1
33.4
14
,1
86
.2
31,493.9
118,
321.
6
10,367,688.0
844,818.3
748,467.5
1,4
44.
5
10,983.9
10,9
81.1
96,1
61.2
99
,2
85
.2
10,459,650.3
75
0,
98
6.
9
54
8,
55
2.
5
4,1
70.
7
23,810.3
19,3
53.1
56
,1
02
.6
137,695.3
1b 10,2
31,472.0
257,278.3
748,467.5
1,444.5
2,951.5
6,9
27.
2
4,874.5
7,355.7
16,814.3 9,324.0
S,599,821.9
6,132,644.9
237,
992.
2
140.
159.
4
305.8
1,451.8
8,433.5
219,449.1
157,
396.
2
199.1
664.1
7,680.1
180,833.7
160,405.0
722
.2
4,760.2
3,8
90.
4
9,247.9 4,752.0
5,064.6 23,687.6
6,513,714.5
1,962,471.5
183,
000.
0
205,945.9
468.6
3,1
78.
7
4,238.2
6,9
38.
4
17,035.4
1,884,246.0
183,730.7
254,
591.
8
303
.7
2,184.6
3,1
41.
4
8,390.2
12,3
50.5
1,852,743.7
3
8
6
PSA .23
2000
PSA 2.4
2000
 
1980
2020
1980
2020
Li
ve
st
oc
k
Prod
ucti
on
Unit
s
 
Beef 6 v
eal
1b
Por
k
1b
25
1,
11
7.
4
25
4,
78
4.
9
311.
262.
7
289,106.8
355,
954.
0
324,
570.
0
61,697.5
11,884.9
75,391.5
11,9
91.4
85,684.5
11,909.5
 
Lamb 6
mutton
Chicken
Broi
lers
Turkeys
‘Ezgs
Milk
1b
1b
1
b
1b
do
:
I
t
2,7
44.
1
14,5
70.3
8,421.7
43,3
29.0
86
,1
07
.6
2,1
85,
646
.0
1,5
45.
7
10,6
56.1
1,498.1
63,3
18.0
81,835.3
1,9
01,
382
.0
868
.2
7,700.6
159.6
74,437.9
72,997.2
1,675
.175.
4
235.9
1,5
28.
3
_113.7
3,1
47.
1
11,0
85.0
483,533.1
131.9
846.8
16
.4
3,8
81.
8
10,1
26,9
449,
415.
1
73.5
434.6
4,085.2
8,872.9
418,025.7
 
 Land Use Trends
The
projection
of both
Series
C and
E is
that
urban
land will
increase and will take over current crop and pastureland.
Forest land
and "other" land will not change greatly in either projection.
The major difference between the two projections occurs with urban
land.
Series C projects an 80 percent increase in urban land, while Series
E foresees only a 33 percent increase. Planning Subareas 2.3 and 2.4 are
effected the most in this difference.
Another land use that can be of importance in determining water
quality relationships is land used for extractive minerals.
Land needs
for this purpose are expected to increase over two and one—half times by
2020. The primary growth will be for iron ore in PSA 2.1, and sand and
gravel in PSA 2.2.
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Table
133
LAND
USE
PROJECTIONS
-
1980,
2000,
2020
AREA
MEASURED
BY
COUNTY
BOUNDARIES
S
E
R
I
E
S
0
(
4
)
(1000
acres)
  
Urban
Cropland
Pasture
1966-67
 
2907.8
13016.1
1405.3
Forestland
12596.3
Other Land 2347.0
1980
Lake Hichiagn basin
2
0
0
0
2020
 
3566.6
125
69.
4
136
7.2
12507.3
2261.9
4469.8
11966.1
1315.5
12373.1
2147.9
5258.0
11452.5
1271.0
12236.7
2054.2
1966-67
 
464.0
3316.4
356.7
5116.
757.1
1980
P
S
A
2.1
2
0
0
0
2020
 
487.0
3308.4
355.8
5104.2
755.3
530.2
3293.4
354.2
5081.0
751.9
583.5
3274.9
352.2
5052.4
747.7
1966-67
PSA
2.2
1980
2000
 
1210.5
2843.4
237.4
340.7
580.1
1726.2
2477.0
206.8
296.8
505.3
2397.7
1999.8
167.0
239.7
407.
2020
2902.6
1641.0
137.1
196.7
334
.7
Urb
an
Cropland
Pas
tur
e
Foreotland
Other Land
P
S
A
2.3
PSA 2.4
 
1966-67
818.5
537
4.6
459.4
1704.7
598
.0
1980
923.5
530
3.4
453.5
1682.7
590.3
2000
1083.2
5199.9
444.5
1649.2
578.6
2020
1279.9
5070.0
433.4
1608.0
564.1
1966-67
414.8
1481.5
351.8
5434.;
411.8
1980
4
2
9
.
9
1478.6
351.1
5423.6
4
1
1
.
0
2000
458.7
1473.0
349
.8
5403.2
409.5
2
0
2
0
492.0
1466.6
348.3
5379.6
407.7
 
  
3
8
9
Table 134
LAND USE PROJECTIONS - 1980, 2000, 2020
AREA MEASURED BY COUNTY BOUNDARIES
SERIES E(2)
 
Lake Michigan basin
1966-67
 
Urban
2907.8
Cropland 13016.1
Pasture
1405.3
Forestland 12596.3
Other Land
2347.0
19
80
3198.7
12788.1
1386.1
12552.5
2347.0
2000
3675.7
12413.9
1354.3
12480.7
2347.0
PSA
2.1
PSA
2.2
 
2020 1222:21 1229 2999 2229 126626? L_§9
390
1.2
12239.9
1339.5
12444.9
2347.0
464.0
3316.4
356
.7
5116.6
757.1
474.0
3312.6
356
.3
5110.8
757.1
487.9
3307.4
355.7
510
2.7
757.1
493.6
3305.2
355.5
509
9.4
757.1 580.1
1210.5 1440.0
2843.4 2652.7
237.4
221.6
340.7
317.7
2000
1809.8
2345.4
196.0
280.8
580.1
CNON
1973.8
2209.1
184.7
264.
580.1
 
llﬂtiﬂ
W
Urban
Croplnnd
5374.8
Pasture
459.4
Forestland
1704.7
0th¢r Land
598.0
818.5
863.5
5342.7
456
.7
1694.5
598.0
PSA 2.3
945.7
5284.1
451.6
1676.0
598
.0
PSA 2.4
2329
2281
995.0
524
9.0
448.6
1664.8
598
.0
414.8
1481.5
351.8
5434.3
411.8
421.2
1480.1
351
.5
5429.5
411
.8
432.2
1477.9
351
.0
5421.2
411.8
438.8
1476.6
350
.7
541
6.3
411.8
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PROJECTED EXTRACTIVE MINERAL LAND REQUIREMENTS
Table 135
(6)
(in acres)
Lake Michigan basin
PSA 2.1
PSA 2.2
PSA 2.3
1968
1980 2000 2020
 
Clay & Shal
e 10
Coal 121
Iron Ore 1200
Peat
261
Sand & Gravel 847
Stone, Crushed 134
Stone, Dimension 3
Total 2576
1
0
5
3
1700
141
1186
170
6
3266
3400
157
2077
288
5943
12
18
0 0
51
00
201
3648
500
9 16
9483
19
68
1200
140
39
1380
1980 2000 2020
1968
5
3
0
0
1
2
4
6
121
53
0
0
1980
2000
2020
1968
1980
2000
2020
 
1700
3400
5100
67 22
0
0 194 119 157 201
213 366
636
364
514
947
1742
259
342
579
961
52
90
157
37
43
76
139
12
14
19
28
2
4
7
2
4
S
9
1967 3860
5900
596
639
1028
1890
466
477
759 1196
PSA 2.4
 
1
9
6
8
H
Clay 6 Shula
4
Coal
Iron Ore
Peat
Sand 5 Gravel 84
Stone, Crushed 46
Stone, Dimension
Total
134
1980
11
7
61
183
2000
185
103
296
2020
1
2
309
176
497
 
 SPECIALIZED LAND USES
 
The following fiVe categories of specialized land usesn—disposal opera~
tions,
erosion zones,
intensive livestock operations,
high density,
non~
sewered areas, and recreational lands are unique in their specific land
drainage aspects which affect water quality.
The emphasis in this section
is to indicate what
relativemagnitude of change will be likely to occur
in these land—use operations over the next twenty years. Because of the
multiplicity of factors affecting their futures, estimates beyond twenty
years entail great uncertainties,
Projections have been based in part on the
opinions of experts in the field as to their expectations of the future
near term trends concerning these various land uses.
Disposal Operations
The following four disposal operations~—liquid waste, solid waste, dredge
spoil and artifical fill, and deepwell disposal operations-~form the major
methods for allocating man's nonproduct outputs to the environment. Overall,
the amount of wastes to be disposed of will increase in the future in
response to population and economic changes. As will be seen, this relationship
will vary according to the type of disposal procedure.
Liquid Waste Disposal
 
There are a variety of factors which will affect the future trend
in utilizing land for the disposal of liquid effluents, both from municipal
and industrial concerns. The major limitation in expanding the amount of
liquid waste disposal operations is the amount of land required for this
practice. If population growth expands considerably in the Lake Michigan
basin resulting in increased demand for land, liquid waste disposal practices
will tend to conflict with other economic uses of land. Consequently, liquid
waste disposal operations may tend to become less acceptable practices in
the future.
One particularly attractive aspect of liquid waste disposal operations
is the ability to remove pollutants at a rate of efficiency not usually
available without incurring exceptional costs with alternative disposal
systems. In this sense, land treatment systems are generally competitive on
a cost effectiveness basis to alternative disposal methods, assuming that land
prices do not increase significantly in all parts of the basin.
Sec
ond
ly,
the
re
is
a p
oss
ibi
lit
y t
hat
suc
h s
yst
ems
can
be
use
d i
n
vari
ous
agri
cult
ure
and
silv
icul
tura
l op
erat
ions
, e
nhan
cing
the
econ
omic
pro
duc
tiv
ity
of
the
se
ope
rat
ion
s.
Ass
umi
ng
tha
t a
gri
cul
tur
al
and
sil
vic
ul-
tur
al
ope
rat
ion
s w
ill
con
tin
ue
to
exp
eri
enc
e a
dva
nta
geo
us
for
gro
wer
s t
o
inc
lud
e i
n t
hei
r o
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ati
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.
Thi
s w
oul
d e
nha
nce
the
fea
sib
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of
usi
ng
land treatment practices in the future.
How
eve
r,
a
lim
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ng
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tor
in
the
use
of
liq
uid
was
te
dis
pos
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pra
cti
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are
the
var
iet
y
of
pub
lic
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foc
usi
ng
on
the
per
cei
ved
inc
omp
ati
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suc
h
pra
cti
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h
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ern
ati
ve
lan
d u
ses
,
esp
eci
all
y
res
ide
nti
al
act
ivi
tie
s.
Sec
ond
ly,
the
re
are
que
sti
ons
con
cer
nin
g
the
pub
lic
he
al
th
,
so
ci
al
,
an
d
ec
on
om
ic
im
pa
ct
s
th
at
la
nd
tr
ea
tm
en
t
sy
st
em
s
ma
y
in
cu
r
up
on
ad
ja
ce
nt
ar
ea
s.
If
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wa
rd
s
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ea
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s
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e
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l
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s.
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d
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for disposal systems.
Table 136
LIQUID WASTE DISPOSAL: (7)
PROJECTED WASTEWATER FLOWS REQUIRING DISPOSAL
19
70
19
80
V
20
00
v—f v w w—w
MU
NI
CI
PA
L
.I
ND
US
TR
IA
L
MU
NI
CI
PA
L
IN
DU
ST
RI
AL
MU
NI
CI
PA
L
IN
DU
ST
RI
AL
Lake Michigan
ba
si
n
68
6.
0
39
21
.1
76
4.
5
33
13
.5
14
53
.1
31
29
.8
PS
A
2.
1
92
.4
31
9.
0
12
8.
4
29
1.
0
19
2.
3
25
4.
0
PS
A
2.
2
32
4.
7
32
74
27
5.
2
27
93
69
5.
2
26
85
PS
A
2.
3
24
1.
9
24
5.
8
32
4.
9
16
1.
5
50
9.
6
14
0.
8
PS
A
2.
4
27
.0
82
.3
36
68
56
50
To
Co
nv
er
t
Fr
om
13
ﬁg
lt
ip
ly
By
Gal
lon
s
(ga
l)
Lit
ers
(1)
3.7
85
Solid Waste Disposal
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of
di
sp
os
ab
le
go
od
s
an
d
ma
te
ri
al
s
ge
ne
ra
te
d
in
ec
on
om
ic
ac
ti
vi
ti
es
.
Th
e
nu
mb
er
of
wa
st
e
di
sp
os
al
si
te
s
is
li
ke
ly
to
di
mi
ni
sh
as
mo
re
co
un
ti
es
co
nv
er
t
to
la
rg
er
sa
ni
ta
ry
la
nd
fi
ll
op
er
at
io
ns
.
Fi
na
ll
y,
th
e
am
ou
nt
of
wa
st
es
di
sp
os
ed
of
in
to
th
e
en
vi
ro
nm
en
t
wi
ll
be
ef
fe
ct
ed
to
so
me
ex
te
nt
by
th
e
am
ou
nt
of
ma
te
ri
al
s
re
cy
cl
ed
ba
ck
into the the economy.
The
gen
era
tio
n o
f
sol
id
was
tes
wil
l
inc
rea
se
in
lin
e w
it
h
pro
jec
ted
pop
ula
tio
n t
ren
ds.
How
eve
r,
as
eco
nom
ic
gro
wth
con
tin
ues
,
par
tic
ula
rly
in
tho
se
are
as
wit
h s
low
er
rat
es
of
gro
wth
in
the
pas
t,
per
cap
ita
dis
pos
abl
e
inc
ome
wil
l i
ncr
eas
e w
ith
a p
oss
ibl
e t
end
enc
y t
owa
rd
inc
rea
sin
g a
mou
nts
of
sol
id
was
tes
gen
era
ted
per
cap
ita
.
It
is
unl
ike
ly,
how
eve
r,
tha
t w
ith
in
the
nex
t 1
0—2
0 y
ear
s p
er
cap
ita
was
te
gen
era
tio
n w
ill
inc
rea
se
sig
nif
ica
ntl
y
beyond current levels.
The
num
ber
of
sol
id
was
te
dis
pos
al
sit
es
is
lik
ely
to
dec
rea
se
ove
r
the
nex
t t
en
to
fif
tee
n y
ear
s f
or
two
rea
son
s.
Fir
st,
a s
ign
ifi
can
t a
mou
nt
of
sma
ll
ope
n d
ump
and
mod
ifi
ed
lan
dfi
ll
sit
es
are
now
bei
ng
clo
sed
in
the
Lak
e M
ich
iga
n b
asi
n.
Cou
nti
es
are
for
min
g l
arg
er
reg
ion
al
was
te
dis
pos
al
sys
tem
s,
rel
yin
g o
n f
ewe
r s
ite
s w
ith
lar
ger
cap
aci
tie
s t
o h
and
le
the
was
te
gene
rate
d in
thei
r ar
ea.
With
the
move
towa
rds
larg
er s
anit
ary
land
fill
sit
es,
the
num
ber
of
dis
pos
al
sit
es
in
the
Lak
e M
ich
iga
n b
asi
n w
ill
dec
rea
se
sign
ific
antl
y.
Howe
ver,
as a
cons
eque
nce
of t
his
poli
cy,
the
pote
ntia
l
sev
eri
ty
of
imp
act
the
se
new
er
sit
es
may
hav
e o
n w
ate
r q
ual
ity
if
not
pro
per
ly
con
str
uct
ed
and
sea
led
, w
ill
lik
ely
inc
rea
se
sev
era
l f
old
due
to
the
inc
rea
sed
vol
ume
of
was
tes
con
tai
ned
in
the
se
fac
ili
tie
s.
Thu
s,
it
is
impo
rtan
t to
insu
re t
hat
thes
e la
rger
regi
onal
wast
e di
spos
al s
ites
are
give
n pr
oper
engi
neer
ing
and
envi
ronm
enta
l at
tent
ion
to t
heir
desi
gn a
nd
maintenance in order to prevent water quality degradation from occurring.
  
 The
recycling
of
waste
materials
is
likely
to
decrease
the
volume
of
waste
requiring
disposal
in
the
future.
However,
recycling
so
far
has
revolved
around
reusing
glass,
paper,
and
metal
materials
and
has
not
involved
recycling
of
garbage
or
general
refuse,
which
are
the
main
producers
of
leachates.
The
recycling
of
reusable
materials,
therefore,
is
unlikely
to
affect
the
amount
of
leachates
produced
in
sanitary
landfill
sites.
In
addition,
the
closing
of
open
dumps
in
the
Lake
Michigan
basin
in
m
a
n
y
i
n
s
t
a
n
c
e
s
has
not
i
n
vo
l
ve
d
c
o
m
p
l
e
t
e
l
y
s
e
a
l
i
n
g
the
a
b
a
n
d
o
n
e
d
sites.
It
is
l
i
k
e
l
y
that
c
o
n
t
a
m
i
n
a
t
i
o
n
f
r
o
m
these
closed
d
um
p
s
wi
l
l
c
o
n
t
i
n
ue
and
may
even
increase
as
refuse
decays.
Although
over
a
long
time
span
the
amount
of
leachates
produced
from
closed
sites
will
decrease
as
the
materials
d
e
c
o
m
p
o
s
e
,
it
is
u
n
l
i
k
e
l
y
that
such
a
r
e
d
u
c
t
i
o
n
in
l
e
a
c
h
a
t
e
s
w
i
l
l
be
achieved
within
the
next
ten
to
fifteen
years.
Attention
to
these
problems
is
needed,
perhaps
by
requiring
open
dumps
to
be
properly
sealed
upon
their
abandonment
to
prevent
leachate
contamination
of
surface
and
ground
waters.
Table 137
SOLID
WASTE
DISPOSAL
PROJECTED
AMOUNTS
0F
SOLID
WASTE
REQUIRING
DISPOSAL
(1,000 tons)
  
1970
1980
1990
Lake
Michigan
Series
C
Series
E
Series
C
Series
E
basin
7073
11440
10737
“7
17705
14997
P
S
A
2.1
526
829
779
1271
1
0
5
6
PSA
2.2
4966
8001
7565
12293
10581
PSA
2.3
1321
2192
2009
3496
2834
PSA
2.4
260
418
384
645
526
To
Convert
From
.39
Multiply
By
Tons
(ton)
Kilograms
(kg)
907.2
Metric
Ton
0.907
Dredge
Spoil
and
Artificial
Fill
Future
trends
in
dredge
spoil
and
artificial
fill
activities
are
dependent
on
several
factors.
It
is
assumed
that
maintenance
dredging
of
harbors
and
channels
is
likely
to
continue
at
present
rates.
If
larger
locks
are
constructed,
and
larger
ships
will
be
utilizing
the
facilities,
there
will
be
a
demand
for
deeper
and
wider
harbors.
This
would
require
significant
amounts
of
dredging
and
increase
the
amount
of
dredge
spoil
in
certain near—shore areas.
As
economic
development
increases
there
will
be
a
further
increase
in
the
precentage
of
polluted
sediments
requiring
confinement.
Current
state
policies
to
limit
the
amount
of
artificial
fills
and
preserve
wetland
and
marsh
areas
along
the
Lake
Michigan
shoreline
continue
to
receive
support.
Conversely
the desires
of many
lakeshore
residents
in
the Lake
Michigan
area
to
protect
their waterfront
properties
from higher
lake
levels will
increase
pressures
to
expand
the amount
of small artificial
fill
393
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zones to prevent beach and shoreline erosion from occuring in residential and
recreational areas, This is a particular problem in this lake basin due to
the large areas of severely eroded shoreline.
Table 138
PROJECTED AMOUNT OF ANNUAL MAINTENANCE DREDGE SPOIL(
(1,000 cubic yards)
8)
 
1970 1980 1990
Polluted Polluted Polluted
Total Spoil Total Spoil Total Spoil
Lake Michigan
basin 1481 897 1492 867 1492 867
PSA 2.1 329 257 372 296 372 296
PSA 2.2 550 501 480 439 488 439
PSA 2.3 375 129 350 119 350 119
PSA 2.4 227 10 282 13 282 13
Deepwell Disposal
The only portion of this lake basin that may have an increase in
numbers of deepwell
disposaloperations is the industrial area at the
southern end of the lake and into the Michigan portion of the basin.
In light
of the general subsurface conditions and
the reluctance of state agencies to
encourage their use,
such disposal operations are unlikely to occur in the
future in Wisconsin.
The use of this means of disposal is not likely to increase greatly
in the Illinois portion of the basin.
The general trend is to prohibit their
further use because of the availability of fresh water or only slightly saline
waters throughout a great depth that may be needed in this urbanized area.
Because of the industrial complex spread along Lake Michigan in Indiana,
the
abundance of liquid wastes,
and the apparent success with injecting wastes into
existing wells,
it
is expected
that
the
use
of deepwell
disposal
techniques
will
be
continued.
The
future
increase
in number
will
depend
upon
the
continued
success
of current
wells,
and
any
further
rules
and
regulations
established.
Deepwell disposal of waste has been practiced in this portion of
Michigan
for many
years,
and
this use
is expected
to
continue.
Future
problems
could result due to the discharge of effluent from plugged and abandoned
test wells and exploratory holes.
Erosion
Lakeshore
and
riverbank
erosion
are
likely
to
remain
near
the
present
high
levels.
As
will
be
shown,
however,
each
one
has
its
own
unique
characteristics
affecting
its
future
trends.
With
the
implementation
of
management
strategies
addressed
to
erosion
control,
Lakeshore
erosion
could
show
a
moderate
decline
in
the
near
future
in
specific
areas
of
Lake
Michigan.
 Lakeshore Erosion
_r._*_.____..,.¢__
Because
lakeshore
erosion
is
tied
to
overall
lake
levels‘
future
amounts
of
lakeshore
erosion
will
be
affected
by
the
level
of
Lake
Michigan.
The
current
high
lake
levels,
if
unchanged,
will
continue
present
rates
of
lakeshore
erosion.
However,
it
is
quite
probable
that
the
level
of
the
Great
Lakes
will
decline
within
the
next
ten
years,
thus
reducing
the
amount
of
annual
lakeshore
erosion
in
the
Lake
Michigan
basin.
Continued
development
of
structural
shoreline
protective
measures
will
reduce
the
amount
of
erosion
occurring
in
certain
critical
areas.
It
is
expected,
therefore,
that
lake—
shore
erosion
will
gradually
decrease
by
about
one
percent
a
year.
In
various
sensitive
shoreline
areas,
increased
recreational
development
and
construction
of
homes
or
industry
may
increase
the
occurance
of
lakeshore
erosion.
The
dune
and
bluff
areas
of
the
southern
and
eastern
Lake
Michigan
shore
are
particularly
vulnerable,
due
to
the
locational
and
scenic
advantages
attached
to
them.
Riverbank Erosion
Riverbank
erosion
rates
are high
in
the
Lake Michigan basin
particularly
in Planning
Subareas
2.2
and
2.3
and
are likely
to
remain
fairly
high.
Rivers
and
streams
will
continuetheir
importance
as
transporters
of
nutrients
and
chemical
materials
if
preventive measures
are not
taken
to
reduce the amounts of sediments and other materials
entering surface ground
waters.
Because of the costs associated with vegetative control or structural
measures
to
prevent
erosion
from occurring,
it
is unlikely
that
streambank
erosion rates will decrease significantly, except as land use and land use
management programs may alter land use practices with the intent of pre—
venting further erosion of streambanks.
If such management measures are
effectuated, then one can expect some decrease in streambank erosion.
Other-
wise, present erosion rates will remain about the same throughout the next
fifteen years.
Table 139
TRENDS IN EROSION
(in miles)
(9, 10)
1970 1980 1990
Critical Severe Critical Severe Critical Severe
Lakeshore Riverbank Lakeshore Riverbank Lakeshore Riverbank
 
Lake Michigan
basin 130.1 799 143.2 799 156.1 799
PSA 2,1 — 161 ~ 161 — 161
PSA 2.2 49.5 23 54.5 23 59.4 23
PSA 2.3 38.6 252 42.5 252 46.3 252
PSA 2.4 42.0 363 46.2 363 50.4 363
395
  
Intensive Livestock Operations
Ove
r t
he
nex
t 1
0 t
o 1
5 y
ear
s t
her
e w
ill
be
a t
ren
d t
owa
rds
lar
ger
and
mor
e i
nte
nsi
ve
ani
mal
fee
dlo
ts,
and
a c
ont
inu
ed
dem
ise
of
sma
ll
liv
est
ock
oper
atio
ns i
n th
e La
ke M
ichi
gan
basi
n.
This
is i
n re
spon
se t
o th
e in
crea
sed
prof
itab
ilit
y an
d ef
fect
iven
ess
larg
er l
ives
tock
oper
atio
ns p
rovi
de o
ver
smal
ler
ones
.
Live
stoc
k op
erat
ions
, t
here
fore
, wi
ll i
ncre
asin
gly
come
to
be v
iewe
d as
comm
erci
al o
pera
tion
s ra
ther
than
as s
mall
rura
l ve
ntur
es.
Consequently, waste production from these feedlots will tend to be
concentrated in particular areas. Waste disposal systems will need to be
maintained for water quality.
In t
his
lake
basi
n, d
airy
catt
le a
re p
arti
cula
rly
impo
rtan
t in
Plan
ning
Subar
ea 2.
1, an
d sw
ine
are i
mport
ant
in Pl
annin
g Sub
area
2.3.
Natio
nal
trend
s
in these types of livestock show increasing numbers of intensive livestock
operations. The increase should correspond to the increase in livestock
numbers.
  
Table 140 (2 3 5)
PROJECTED NUMBER OF LIVESTOCK HELD IN INTENSIVE LIVESTOCK OPERATIONS ’ ’
(1,000'3)
Poultry cun- him
132 AL... .__1!_’_°.____. LL70 _____l__.__.w 199° 197! 13° 1”"
Series Series Series: Series Series Series m -_ W-m EVER;
_.C__ __E_ _C_._ J“ _C__ _3_. 0 E C 3 C E
Lake Michigan #- _ .w-d W —_ ——_~_
AL— 5281 S764 6862 6730 1:827 667 69‘ 657 an 650 592 681 606 009 681:
PSA 2.1 2‘7 186 187 221 173 181 201 190 238 198 78 86 68 101 73
PSA 2.2 11“ 868 M2 1031 778 178 159 161 177 159 1’05 1‘7 138 175 157
PM 2.3 3500 £123 3‘“ £895 351! 265 296 2“ 352 252 J” ‘39 390 52) ‘“
PSA 2.‘ 306 ‘97 369 $91 357 ‘3 ‘8 b2 57 ‘1 10 9 . 10 10 10
 
High—Density, Nonsewered Areas
The heavily populated southwestern sector of the Lake Michigan basin has
the lowest percentage of nonsewered housing. With increasing population
growth and urbanization in other planning subareas, more homes will be
connected with public sewer systems. In the urban areas throughout the Basin
the percentage of nonsewered housing may decline slightly over time.‘ In the
rural areas, the percentage of nonsewered housing will probably continue at
current rates.
With improved on—site sewage disposal technologies and an enhanced
ability for on~site systems to dispose of household effluent in an environment~
ally sound manner, the utilization of on-site disposal could increase.
Such technology, however, is not foreseen to significantly affect the number
of nonsewered housing in the near future. Likewise, the expansion of sewage
treatment plant facilities currently is limited by the costs involved with
providing secondary and tertiary treatment. Since many plants are currently
396
 
 overtaxed
in
terms
of
their
capacity
to
adequately
treat
the
volume
of
wastes
already
collected,
the
major
investment
in
municipal
treatment
will
continue
to
be
concerned
with
sewage
treatment
facilities
rather
than
on
improving
the
collection
of
municipal
wastes.
Continued
development
of
recreational
.homes
in
the
northern
portions
of
the
lake
basin
are
associated
with
development
of
individual
septic
tank
systems.
Table 141
NUMBER
OF
HOUSEHOLDS
IN
HIGH
DENSITY
NONSEWERED
RESIDENTIAL
AREAS
(1,000 units)
  
1970
I“
1990
Sod-o c “do. I Serlu 1: Beth- 1
Total
10:31
Total
Total
You!
Nonuewered
Orb-r1
Renowned
Urban
lonmend Urban
Mounted
Urban
nonsewered
Urba-
Iake Michigan
basin
766
155
880
296
830
268
1019
362
895
289
PSA 2.1
83
S
86
6
89
1
9B
6
93
7
PSA 2.2
252
136
289
156
269
135
329
177
290
“5
PM 1.! '
327
103
37
121
“I
I.“
‘57
I"
395
125
m 2...
103
11
118
13
Ill
12
133
15
116
12
Recreational Lands
Recreational activity demands in the Lake Michigan basin are likely to
grow almost three—quarters by 2000. Population pressure from the urbanized
areas at the southern end of the lake and high quality recreational resources
in the northern portion are the sources of this increased usage. In con-
junction with an expanded use of the Lake Michigan basin will come an
intensification of existing facilities usage, increasing the pressure upon
these facilities to adequately handle the waste generated from tourists.
Land developed for recreational use is expected to grow by only about 11
percent over the next 20 years.
With the expansion of recreational activities, there will bean increase
in the amount of wastes to be disposed of, both liquids and solids. In
addition, the construction of recreational second homes in rural areas, will
lead to an increase in numbers of nonsewered housing in these areas. Since
recreational pursuits are seasonal, the major impacts from recreational
activities will occur in the summer months. However, increasing enjoyment
of winter activities such as skiing and snowmobiling has meant an increase
in use in cold months as well.
The
spec
ific
impa
cts
and
thei
r ma
gnit
udes
resu
ltin
g f
rom
recr
eati
onal
purs
uits
has
not
been
well
docu
ment
ed
in t
he p
ast.
Give
n th
e li
keli
hood
that
thes
e ac
tivi
ties
will
incr
ease
in t
he f
utur
e, m
ore
work
need
s to
be d
one
in
this
fiel
d to
adeq
uate
ly d
eter
mine
what
the
magn
itud
e o
f im
pact
will
be o
n
the Lake Michigan basin.
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 Table
142
PROJEC
TIONS
IN REC
REATIO
NAL LA
NDS<12
)
(in acres)
Lulu Hichi
gan Basin
In 2.1
PM 1.2
PSA 2.3
954 2.4
1970 19
80 2&0
1970 HQ
2000 19
70 1980
2000 1970
1980 209
9 1970
1980 200
0
   
Svi-ing 1.120 1.370 1.370 170 370 370 £60 510 510 320 320 320 170 170 170
Ptulcking 9
,080 10.260 10.260
2.370 2,950 2,950
10,260 0.060 ‘635
0 950 950
950 1.500 1.500
1,500
Calvin; 0
.380 5.050 5.050
1.150 1.620 1.620
750 9‘0 9‘0
1.130 1.190 1.190
1.300 1,300 1,300
Parking (General) 1,220 1.250 1.250 120 130 130 700 720 720 3‘0 350 3150 60 60 60
Parking (Boat;
and H020: Skiing) 1,250 1.510 1.310 200 390 390 620 690 690 360 360 360 70 70 70
Playflclds
15.630 15
.020 15.0
20 1.110
1.200 1.2
00 11.600
11,700 11
,700 2,850
2,530 2,
350 70
70 70
Golf
21.590 25
,890 25.6
90 5.700
6,200 6,2
00 12.100
13.900 13
.900 5,600
5.600 5,
600 190
190 [76
Snow Skiing
890 1.010 1,010
570 560 560
170 200 200
50 so so
200 200 200
51-46115;
0 0 0
0 o o
0 0 0
0 0 0
0 0 0
1c. Sitting
610 810 810
10 1o 10
760 760 760
20 20 20
20, 20 20
man; (water .ru) 1.518.000 1,518,000 1,518,000 596.000 596.000 596.000 193,000 193.000 193.000 150.000 150.000 150.000 679.000 679.000 679,000
Total 1.573.970 1,579,
970 1,579,970 506,300
509,530 509,530 225
,520 227.200 217.280
160.670 160.680 160
.680 662.580 682,580
682,580
(Iletuation Days) 290,237,0
00 503,070,000 608,126,000
38,270,000 51,091,000 77,865
,000 170,301,000 230,932,00
0 350,705,000 71,552,000 96,
601,000 155,256,000 16,215,0
00 25.366.000 36.289.000
3
9
8
      
Table 163
TRENDS
IN
RECREATIONAL
ACTIVITY
OCCASIONS
ANNUALY
 
W
"A 2-1
1970
1900
2000
1970
1980
2000
19 70
PSA 2.3 28A 2.6
1
1000 ' 1970 mm 2000 1270 199.0 mm;
  
76.563
112.290
176.932
9.596 13.772
21.678
62.260 61.970 96.980
19.693
29.171
66.627
5.019
7.367
11.667
kick 65!)"
62.109
61.751
97.316
5,278
7.575
11.923
23.260
36.080
53.360
10.831
16.066
25.665
2.760
6.052
6.406
"catching
66.003
58.065
79.930
5.728
7,135
9.811
25.620
32.050
[-3.810
11.837
15.073
21.050
3.018
3.807
5.259
c-ptng
9.767
15.566
25.635
1.218
1.911
3.162
5.386
8.580
13.790
2.506
6.036
6.787
639
1.019
1.696
Nature Utlking
11.131
16.076
18.987
1.382
1.726
2.305
6.151
7.769
10.620
2.668
3.658
5.010
730
923
1.252
liking
6.668
6.589
11.677
576
916
1.658
2.569
6.086
6.382
1.198
1.923
3.070
305
686
767
Slﬁuscctng
52.967
71.578
107.670
6.573
8.765
13.193
29.270
39.510
59.130
13.665
18.606
28.661
3.679
6.699
7.106
MAL ACTIVITY OCCASIONS
201.066
278.952
620.831 25.073 36.223
51.607 111.056 153.963 230.512
51.767
72.665
110.985
13.190
18.301
27.727
TOTAL ACTIVITY OCCASIWS (551)
169.805
228.665
361.213 20.955 28.068
61.852
92.036 126.073 186.872
62.885
59.338
90.003
10.931
16.986
22.686
MAL RECREA‘HON DAYS“
80.626
111.580
168.333
10.029
13.689
20.663
66.622
61.585
92.205
20.699
28.986
66.396
5.276
7.320
11.091
MAX. RECREATION DAYS (55!)
66.662
91.385
136.685
8.302 11.227
16.761
36.816
50.629
76,769
17.156
23.735
36.001
6.372
5.996
8.996
Playing mtdoor 6....
160.607
206.316
367.876 20.661 29.632
51.071
91.170 136.900 229.200
22 966
33.516
56.091
5.850
8.666
13.516
Golﬁng
15.371
22.671
38.966
1.918
2.783
6,796
8.690
12.670
21.360
3.956
5.866
10.266
1.007
1.356
2.566
Iggycu,“
71.986
87.072
118.760
8.932
10.668
16.522
39,700
68.110
65.090
18 566
22.605
31.305
6.728
5.709
7.823
Itcyclln; (251).”
17.991
21.770
29.682
2.233
2.662
3.630
9.960
12.030
16.270
6.636
5.651
7.826
1.182
1.627
1.956
hrs-back Ridan
9.857
12.600
18.122
1.226
1.526
2.226
5.651
6.852
9.938
2.535
3.218
6.769
665
812
1.191
Horseback Riding (25!)
2.667
3.101
6.531
307
381
556
1.365
1.713
2.685
636
806
1.192
161
203
298
TOTAL ACTIVITY OCCASIONS
237.619
328.263
523.702 32.517 66.387
72.613 166.891 202.332 325.568
67.981
65.203
100.629
12.230
16.361
25.092
MAL ACTIVITY OCCASIGIS (252)
176.236
263.656
621.053 26.899 35.258
60.053 110.965 161.113 269.295
32.172
65.835
73.373
8.200
11,650
18.332
MAL RECREATION DAYS
95.067
131.125
209.681 13.007
17.755
29.065
57.956
80.933
130.227
19 192
26.081
60.172
6.892
6.536
10.037
MAL “CREATE! DAYS (25!)
70.695
101.662
168.621
9.960
16.103
26.021
66.386
66.665
107.718
12.869
18.336
29.369
3.280
6.580
7.333
3
9
9
hating
26.275
38.535
61.105
3.217
6.766
7.515
16.760
21.270
33.690
6.628
9.996
16.081
1.690
2.525
6.019
Hutu: Skiing
6.658
8.273
15.060
582
1.026
1.868
2.573
6,562
8.266
1.198
2.166
3.959
305
561
989
Canning
1.733
2.673
6.166
217
329
511
957
1.675
2,271
666
696
1.091
113
175
273
5.1110;
1.518
2.192
3.535
190
271
636
838
1.210
1.932
391
568
930
99
163
232
TOTAL ACTIVITY OCCASIONS
36.186
51.673
83.821
6.206
6.370
10.310
19.108
28.517
65.937
8.663
13.602
22.061
2.207
3.386
5.513
MAL RECREATION DAYS
13.673
20.670
33.528
1.682
2.568
6.126
7.663
11.607
18.375
3.665
5.361
8.826
883
1.356
2.205
Skiing
2.698
2 .927
3.679
331
356
650
1.693
1.607
2.016
696
763
970
178
191
263
"adding
13.207
16.881
27.151
1.663
2.073
3.332
7.298
9.317
16.880
3,399
6.386
7.152
067
1.107
1.787
1:. Skating
12.026
17.661
28.803
1.369
2.136
3.521
6.093
9.661
15.790
2.860
6.560
7.596
726
1.166
1.898
MAL ACTIVITY OCCASIONS
26.931
37.259
59.633
3.363
6.563
7.303
16.886
20.565
32.686
6.935
9.687
15.716
1.769
2.666
3.928
MAL RECREATION DAYS
10.773
16.906
23.852
1.337
1.825
2.921
5.956
8.226
13,076
2,776
3.875
6.286
708
978
1.571
 
1 7 900 159 919 201.947 14.059 13,391 25.727 65.150 02.750 100.700
30.356
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53.207
7.739
9.035
13.293
3:11:32 :3: :1ca::::
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Attending Outdoor 0....
33,772 13,975 01,993 2,207 5.606 7.612 10.660 26.270 33,980 8,690 11,615 10,323 2,215 2,352 0,075
Atconding Outdoor Conccrts
6.666
6.693
10.514
537
325 1.250 1.375 3.693 5.809
1-199
1.736
1.709
105
£39
696
TOTAL ACTIVITY OCCASIOﬂS 205,795 311,530 432.329 30.535 35.230 32.377 135.01: 171.953 237.059 63.300 80.966 113.930 16.138 20.115 23,453
10111 RECREATION DAYS
90.310 126.611 172.932 12.215 15.275 21,151 56.326 65.781 94.321 25.322 32.378 65.572 5,055
6.170
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mm; nu rmusnn
I
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765.596 1.007.677 1.520.313 95.677 127,729 190,710 £23,752 977.310 871.762 178.630 161.703 303.121 03..” 60.915 90.722
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urn-001mm mum was 30,315 112.055 170.016 9.935 13.775 20.865 £4,157 01.030 03.127. 20.619 29.096 “.325
5,.23
7.366
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MATERIALS USAGE
In projecting agricultural characteristics and materials usage, it
shou
ld b
e po
inte
d ou
t th
at a
gric
ultu
ral
deve
lopm
ents
are
dire
ctly
affe
cted
by p
opul
atio
n tr
ends
, n
atio
nal
and
inte
rnat
iona
l ec
onom
ic c
ondi
tion
s,
environmental attitudes, and national agricultural decisions in regards
to f
ood
prod
ucti
on.
Chan
ges
in a
ny o
ne o
f th
ese
vari
able
s wi
ll s
igni
fica
ntly
alter any agricultural projection. In addition, technological changes
in t
he t
ypes
of m
ater
ials
used
in a
gric
ultu
ral
prac
tice
s ca
n si
gnif
ican
tly
alt
er
the
inf
lue
nce
the
se
mat
eri
als
may
hav
e o
n w
ate
r q
ual
ity
.
The
ref
ore
,
it is difficult to accurately project the influence of agricultural
prac
tice
s up
on w
ater
qual
ity
in t
he f
utur
e.
For
the
sake
of c
lari
ty,
this
sect
ion
assu
mes
that
majo
r in
flue
nces
affe
ctin
g ag
ricu
ltur
al
tren
ds w
ill
remain relatively stable and that there will be no major shifts in
agricultural production practices within the next ten to fifteen years,
either in terms of technology or in terms of crop types.
Agricultural chemicals, animal wastes, commercial fertilizers, lime,
and salts will continue to be employed at about current usage rates, al-
though specific materials will likely experience greater utilization than
others over the next ten to fifteen years.
Agricultural Chemicals
  
Several trends indicate an increased usage of agricultural chemicals
over the next 10 to 15 years. With continued risinglabor costs, the use
of a
gric
ultu
ral
chem
ical
s to
cont
rol
weed
s an
d pe
sts,
as w
ell
as v
ario
us
form
s of
fung
us a
nd b
acte
ria
will
cont
inue
to b
e ec
onom
ical
ly
attr
acti
ve
in m
any
agri
cult
ural
oper
atio
ns.
The
use
of c
hemi
cals
on c
rops
will
therefore continue to be used at current or higher rates in the Lake
Michigan basin in the near future.
However, there are certain aspects which maytend to decrease the rate
of growth in the use of chemicals on crops. One specific aspect is the
impa
cts
that
chem
ical
s ma
y ha
ve i
n te
rms
of w
ater
qual
ity
degr
adat
ion.
It
is i
ncre
asin
gly
beco
ming
appa
rent
that
the
use
of c
hemi
cals
on c
rops
leav
es
resi
dues
whic
h ca
n in
filt
rate
into
grou
nd a
nd s
urfa
ce w
ater
area
s, a
nd,
in
cert
ain
chem
ical
comp
ound
s,
can
ente
r i
nto
the
food
chai
n an
d t
hrea
ten
potentially distruptive influences to higher forms of life.
Conc
erni
ng s
peci
fic
chem
ical
s,
it i
s pr
ojec
ted
that
herb
icid
e us
age
may
incr
ease
abou
t 20
perc
ent
by 1
990.
Sinc
e he
rbic
ides
repl
ace
a
significant amount of man—hours devoted to weed control, there is a
stro
ng
ince
ntiv
e to
cont
inue
the
use
of h
erbi
cide
s at
curr
ent
or h
ighe
r
levels into the future. Fungicide use may increase about 5 percent by
1980
, a
nd a
noth
er
5% b
y 19
90 i
n or
der
to c
ontr
ol f
ungu
s gr
owth
on p
lant
s.
Inse
ctic
ides
, h
owev
er,
may
be u
sed
with
less
freq
uenc
y du
ring
the
next
deca
de.
Its
usag
e is
expe
cted
to r
emai
n ab
out
the
same
over
the
next
5 years but then progressively decrease after that.
A n
ew
gro
up
of
che
mic
als
,
bac
ter
ici
des
,
are
com
ing
int
o g
rea
ter
use
in recent years, and may form a significant category of chemicals used on
crops in the future. However, at the present time there is little
information concerning probable rates of growth in the use of bactericides-
 Although
the
use
of
chemicals
on
crops
is
likely
to
increase
over
the
next
10
years,
the
water
quality
impact
of
these
chemicals
is
not
so
clear.
One
of
the
major
concerns
in
using
chemicals
is
the
amount
of
residue
remaining
which
can
enter
ground
water
and
surface
water
areas.
In
the
case
of herbicides,
this
is
known
as carrynover,
and
in the
case
of
insecticides
as persistence.
It is
believed
that
the
persistence
associated
with
insecticides
will
be
almost
entirely
eliminated
in the
next
10 years,
and
the
carry—over
in
herbicides
will
be
greater
reduced,
if
not
entirely
eliminated as new forms of chemicals with little or no residue generation
replace
the
current
stock
of
chemical
types
now
used.
This
is
not
to
say
that water
quality
impacts will
be
eliminated
from
the use
of
chemicals
on crops,
but
that with
increasing use
of
chemicals,
it is likely that a shift will take place towards less noxious forms
of chemicals occurring mainly as a result of less residue by—products
production in their usage.
In addition, herbicide usage can reduce erosion
and attendant pollution problems by reducing the need for continual
mechanical cultivation of crops and its disturbance of soils.
This could
be particularly important in this lake basin with the large amounts of
croplands subject to erosion.
Animal Wastes
Manure production levels will continue above the Great Lakes Basin
average. Dairying will increase moderately as will beef cattle and swine.
Horse numbers are also expected to increase, although at a lower rate than
the past few years. The amount of manure produced will correspond with these
levels. Trends toward more intensive livestock operations will increasethe
impact of manures in specific localities. Assuming proper construction
and maintenance techniques, the discharge of animal wastes should not
adversely affect water quality. Without preventive measures, it is quite
possible that certain reaches of ground and surface waters can be con—
taminated via animal wastes. Specifically, large amount of nitrogen and
phosphorus compounds can be leached into the soils from intensive livestock
operations due to the corresponding increase in the concentration of wastes.
Commercial Fertilizers
 
Commercial fertilizer usage rates are expected to increase moderately
in this lake basin. The greatest increase will be in nitrogen with lesser
increases in potash, and phosphorous tonnage rates staying about the same or
decreasing slightly. There is likely to be a shift towards liquid fertilizer
due to their ease of application. Trends in agricultural crop production
indicate a move towards more intensive cultivation, and it is likely that
commercial fertilizer usage will increase in such areas. Higher concentrations
of fertilizers in particular areas may increase drainage of nutrients to
ground and surface water.
Lime
Despite projections by the Lime Institute for increased needs for liming
materials, lime rates will probably remain at current levels. Therefore
water quality impacts resulting fromliming will tend to remain unchanged,
except in instances where agricultural crop production has intensified. In
these instances, increased intensity of lime use results this may affect
ground and surface waters beyond current conditions.
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Salts
Several trends in the Lake Michigan basin will be likely to require
a moderate increase in the use of salts to prevent road icing in winter
months. Bare pavement policies will be demanded by the public for major
roadways. Growth in road mileages will increase the amounts of salts needed
to prevent icing during winter months.
Table 144
TRENDS IN MATERIALS USAGES:AGRICULTURE
(1,000's)
Inert-l- ngg m: Nicki lg 3.1 m 2.2 ISA 1.3 PSA 2.‘
uni—ﬁlm L92 1!! mg 19.7; LLML’QQML’Q m
Agricultural
Che-lul-
Netbicides (11:) 12068 13152 16082 2586 2867 3103 3625 3603 3702 5206 S877 6377 750 825 goo
Insecticides (lb) 547‘ 5476 5200 1636 1636 155‘ 790 790 750 2362 2362 22“ 687 687 653
Fungicides (1b) 3171 3435 3598 676 710 766 22‘ 235 2’6 1608 1688 1769 763 811 839
Ani-al Haste (tons) 28607 30007 31562 10323 11315 12374 5‘36 5175 5381 10670 11266 11690 2181 2253 2317
Co-ercial Ferti- ‘
liners (ions) 1157 1262 1378 235 258 282 349 38k ‘91 488 537 585 76 83 92
Line (Lona) 693 693 693 81 81 81 230 230 230 322 322 322 59 59 59
Totals my not add due to rounding
To Convert Fm- T_o Multiply I!
load. (1b) lilo."- (lg) 0.54
Ton- (ton) Hattie Ton 0.907
Kilogra- (kg) 907.2
"attic Ion 0.907
Howe
ver,
ther
e ar
e al
so t
rend
s fo
r li
miti
ng
salt
appl
icat
ions
due
to i
ncre
ased
sal
t p
ric
es.
The
re
wil
l b
e a
n i
nce
nti
ve
to
pro
vid
e s
eco
nda
ry
and
min
or
roa
d
syst
ems
with
less
er a
moun
ts o
f sa
lts.
The
rate
of s
alt
appl
icat
ion
may
actually decrease in these secondary road systems.
Road
de—i
cing
salt
s af
fect
grou
nd a
nd
surf
ace
wate
rs
thro
ugh
chlo
ride
disc
harg
es w
hich
can,
over
time
affe
ct t
he s
alin
ity
of n
earb
y we
lls
and
open water areas. Incidences of high chloride wells have been reported
on
occ
asi
on
at
var
iou
s l
oca
tio
ns
in
thi
s l
ake
bas
in.
The
re
are
mov
es
tow
ard
more
effi
cien
t sa
lt a
ppli
cati
ons
and
proh
ibit
ion
of s
alti
ng i
n ar
eas
wher
e
grou
nd w
ater
and
aqui
fers
prov
ide
drin
king
wate
r to
near
by r
esid
ence
s,
due
to the potential contamination of this supply.
In g
ener
al,
whil
e s
alti
ng w
ill
be c
onti
nued
on m
ajor
road
syst
ems
at
curr
ent
appl
icat
ion
rate
s, t
here
will
like
ly b
e a
decr
ease
in t
he a
moun
ts
of s
alt
used
on s
econ
dary
and
mino
r ro
ad s
yste
ms.
In b
alan
ce,
the
over
all
amo
unt
s o
f s
alt
s a
ppl
ied
wil
l p
rob
abl
y i
ncr
eas
e g
rad
ual
ly
ove
r t
ime
, a
lth
oug
h
applied in a more selective fashion.
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 Table 145
T
R
E
N
D
S
I
N
R
O
A
D
D
E
~
I
C
I
N
G
S
A
L
T
U
S
A
G
E
(
1
,
0
0
0
t
o
n
s
)
  
1
9
7
2
—
7
3
,
1
9
8
0
1
9
9
0
L
a
k
e
M
i
c
h
i
g
a
n
s
e
r
i
e
s
C
S
e
r
i
e
s
E
-
s
e
r
i
e
s
C
S
e
r
i
e
s
E
b
a
s
i
n
6
6
1
7
6
2
7
1
9
8
7
6
'
7
7
1
P
S
A
2
.
1
8
6
9
7
9
2
1
1
0
9
6
P
S
A
2
.
2
3
2
0
3
6
6
3
5
2
4
1
7
3
7
9
P
S
A
2
.
3
1
9
0
2
2
5
2
0
6
2
6
4
2
2
4
P
S
A
2
.
4
6
5
7
4
6
9
8
5
7
2
T
o
C
o
n
v
e
r
t
F
r
o
m
T
o
M
u
l
t
i
1
B
T
o
n
s
(
t
o
n
)
K
i
l
o
g
r
a
m
;
(
k
g
)
9
0
7
.
2
M
e
t
r
i
c
T
o
n
0
.
9
0
7
M
E
T
H
O
D
O
L
O
G
I
E
S
I
n
c
o
m
p
i
l
i
n
g
t
h
e
F
u
t
u
r
e
T
r
e
n
d
s
S
e
c
t
i
o
n
,
a
v
a
r
i
e
t
y
o
f
s
o
u
r
c
e
s
w
e
r
e
u
t
i
l
i
z
e
d
A
s
s
u
m
p
t
i
o
n
s
a
b
o
u
t
p
o
p
u
l
a
t
i
o
n
a
n
d
e
c
o
n
o
m
i
c
a
c
t
i
v
i
t
y
c
h
a
n
g
e
s
l
i
k
e
l
y
t
o
o
c
c
u
r
i
n
t
h
e
L
a
k
e
M
i
c
h
i
g
a
n
b
a
s
i
n
u
n
d
e
r
l
i
e
a
l
l
s
u
b
s
e
q
u
e
n
t
t
r
e
n
d
s
.
H
o
w
e
v
e
r
,
f
o
r
e
v
e
r
yu
n
i
t
o
f
c
h
a
n
g
e
i
n
p
o
p
u
l
a
t
i
o
n
a
n
d
e
c
o
n
o
m
i
c
a
c
t
i
v
i
t
i
e
s
t
h
e
r
e
m
a
y
n
o
t
b
e
p
r
o
d
u
c
e
d
a
p
r
o
p
o
r
t
i
o
n
a
l
c
h
a
n
g
e
i
n
c
e
r
t
a
i
n
l
a
n
d
u
s
e
c
a
t
e
g
o
r
i
e
s
,
n
o
r
i
n
t
h
e
v
a
r
i
o
u
s
c
a
t
e
g
o
r
i
e
s
o
f
m
a
t
e
r
i
a
l
s
u
s
a
g
e
s
.
F
u
r
t
h
e
r
m
o
r
e
,
p
r
o
j
e
c
t
i
o
n
s
b
e
y
o
n
d
t
h
e
n
e
x
t
E
c
o
n
o
m
i
c
a
n
d
D
e
m
o
g
r
a
p
h
i
c
A
c
t
i
v
i
t
i
e
s
D
e
m
o
g
r
a
p
h
i
c
i
n
f
o
r
m
a
t
i
o
n
w
a
s
s
u
p
p
l
i
e
d
f
r
o
m
t
h
e
C
e
n
s
u
s
o
f
P
o
p
u
l
a
t
i
o
n
,
1
9
7
0
a
n
d
t
h
e
O
B
E
R
S
S
e
r
i
e
s
C
a
n
d
S
e
r
i
e
s
E
'
p
r
o
j
e
c
t
i
o
n
s
.
T
r
e
n
d
i
n
f
o
r
m
a
t
i
o
n
f
o
r
1
9
8
0
,
2
0
0
0
,
a
n
d
2
0
2
0
w
e
r
e
t
a
k
e
n
f
r
o
m
t
h
e
O
B
E
R
S
S
e
r
i
e
s
C
a
n
d
E
p
r
o
j
e
c
t
i
o
n
s
.
l
i
e
s
i
n
t
h
e
i
r
d
i
f
f
e
r
e
n
t
p
r
o
j
e
c
t
e
d
t
o
t
a
l
f
e
r
t
i
l
i
t
y
r
a
t
e
s
p
e
r
1
,
0
0
0
w
o
m
e
n
a
s
s
u
m
e
d
t
o
h
a
v
e
b
e
e
n
a
t
t
a
i
n
e
d
b
y
t
h
e
y
e
a
r
2
0
0
5
.
F
o
r
S
e
r
i
e
s
C
t
h
i
s
i
s
2
,
8
0
0
a
n
d
f
o
r
S
e
r
i
e
s
E
'
2
,
1
0
0
.
S
e
r
i
e
s
E
w
a
s
s
e
l
e
c
t
e
d
t
o
p
r
o
v
i
d
e
a
n
a
l
t
e
r
n
a
t
i
v
e
r
a
n
g
e
t
o
t
h
e
1
9
7
2
O
B
E
R
S
S
e
r
i
e
s
C
p
r
o
j
e
c
t
i
o
n
s
,
i
n
t
h
a
t
i
t
t
a
k
e
s
i
n
t
o
a
c
c
o
u
n
t
r
e
c
e
n
t
r
e
d
u
c
t
i
o
n
s
i
n
f
e
r
t
i
l
i
t
y
r
a
t
e
s
a
m
o
n
g
w
o
m
e
n
i
n
t
h
e
0
.
3
.
I
n
t
r
a
n
s
l
a
t
i
n
g
p
o
p
u
l
a
t
i
o
n
l
e
v
e
l
s
i
n
t
o
e
c
o
n
o
m
i
c
i
n
f
o
r
m
a
t
i
o
n
a
s
e
t
o
f
a
s
s
u
m
p
t
i
o
n
s
w
e
r
e
u
s
e
d
i
n
t
h
e
O
B
E
R
S
S
e
r
i
e
s
.
T
h
e
s
e
i
n
c
l
u
d
e
d
a
s
s
u
m
p
t
i
o
n
s
a
b
o
u
t
p
e
r
c
a
p
i
t
a
d
e
m
a
n
d
f
o
r
v
a
r
i
o
u
s
g
o
o
d
s
a
n
d
s
e
r
v
i
c
e
s
,
l
a
b
o
r
f
o
r
c
e
p
a
r
t
i
c
i
p
a
t
i
o
n
r
a
t
e
s
,
p
e
r
c
e
n
t
a
g
e
c
h
a
n
g
e
s
i
n
p
r
o
d
u
c
t
i
v
i
t
y
p
e
r
w
o
r
k
e
r
,
h
o
u
r
s
w
o
r
k
e
d
p
e
r
y
e
a
r
,
a
n
d
t
h
e
r
e
s
u
l
t
i
n
g
G
N
P
p
e
r
m
a
n
h
o
u
r
y
e
a
r
s
.
F
o
r
b
o
t
h
t
h
e
O
B
E
R
S
S
e
r
i
e
s
C
a
n
d
E'
p
r
o
j
e
c
t
i
o
n
s
,
t
h
e
s
e
a
s
s
u
m
p
t
i
o
n
s
a
r
e
s
u
b
s
t
a
n
t
i
a
l
l
y
s
i
m
i
l
a
r
i
n
n
a
t
u
r
e
.
I
n
d
e
v
e
l
o
p
i
n
g
t
h
e
p
r
o
j
e
c
t
i
o
n
s
,
g
r
o
s
s
n
a
t
i
o
n
a
l
o
u
t
p
u
t
(
G
N
P
)
i
s
t
h
e
m
o
s
t
c
o
m
p
r
e
h
e
n
s
i
v
e
a
n
d
w
i
d
e
l
y
u
s
e
d
m
e
a
s
u
r
e
o
f
e
c
o
n
o
m
i
c
a
c
t
i
v
i
t
y
.
B
e
c
a
u
s
e
i
t
i
s
n
o
t
f
e
a
s
i
b
l
e
p
r
e
s
e
n
t
l
y
t
o
c
o
n
s
t
r
u
c
t
a
g
r
o
s
s
r
e
g
i
o
n
a
l
p
r
o
d
u
c
t
d
u
e
t
o
c
o
n
c
e
p
t
u
a
l
a
n
d
s
t
a
t
i
s
t
i
c
a
l
d
i
f
f
i
c
u
l
t
i
e
s
,
p
e
r
s
o
n
a
l
i
n
c
o
m
e
s
e
r
i
e
s
a
t
t
h
e
r
e
g
i
o
n
a
l
l
e
v
e
l
a
r
e
s
e
l
e
c
t
e
d
a
s
t
h
e
a
l
t
e
r
n
a
t
i
v
e
to
G
N
P
i
n
t
h
e
O
B
E
R
S
p
r
o
j
e
c
t
i
o
n
s
.
403
   
T
h
e
O
B
E
R
S
S
e
r
i
e
s
p
r
o
j
e
c
t
i
o
n
s
f
o
r
t
h
e
a
g
r
i
c
u
l
t
u
r
a
l
s
e
c
t
o
r
w
e
r
e
i
n
i
t
i
a
l
l
y
m
a
d
e
a
s
p
a
r
t
of
t
h
e
p
r
o
c
e
d
u
r
e
f
o
r
a
l
l
i
n
d
u
s
t
r
i
e
s
.
T
h
e
s
e
w
e
r
e
t
h
e
n
r
e
c
o
n
c
i
l
e
d
w
i
t
h
n
a
t
i
o
n
a
l
p
r
o
j
e
c
t
e
d
a
g
r
i
c
u
l
t
u
r
a
l
p
r
o
d
u
c
t
i
o
n
w
h
i
c
h
w
e
r
e
d
e
r
i
v
e
d
f
r
o
m
a
p
r
o
d
u
c
t
—
b
y
—
p
r
o
d
u
c
t
h
i
s
t
o
r
i
c
a
l
a
n
a
l
y
s
i
s
o
f
c
o
n
s
u
m
p
t
i
o
n
p
a
t
t
e
r
n
s
u
t
i
l
i
z
i
n
g
s
p
e
c
i
f
i
c
s
e
t
s
of
a
s
s
u
m
p
t
i
o
n
s
r
e
l
a
t
i
n
g
to
p
o
p
u
l
a
t
i
o
n
g
r
o
w
t
h
,
l
e
V
e
l
s
p
e
r
c
a
p
i
t
a
i
n
c
o
m
e
,
a
n
d
f
o
r
e
i
g
n
t
r
a
d
e
.
T
h
e
s
e
s
e
t
s
o
f
a
s
s
u
m
p
t
i
o
n
s
a
r
e
n
o
t
s
t
r
i
c
t
l
y
i
d
e
n
t
i
c
a
l
b
e
t
w
e
e
n
t
h
e
S
e
r
i
e
s
C
a
n
d
E'
e
c
o
n
o
m
i
c
p
r
o
j
e
c
t
i
o
n
s
f
o
r
a
g
r
i
c
u
l
t
u
r
e
.
The
r
e
v
i
s
e
d
S
e
r
i
e
s
E'
e
s
t
i
m
a
t
e
s
d
i
f
f
e
r
s
o
m
e
wh
a
t
in
the
per
c
a
p
i
t
a
c
o
n
s
u
m
p
t
i
o
n
r
a
t
e
s
a
n
d
e
x
p
o
r
t
l
e
v
e
l
s
,
w
h
i
c
h
a
r
e
b
e
l
i
e
v
e
d
to
m
o
r
e
a
c
c
u
r
a
t
e
l
y
r
e
f
l
e
c
t
r
e
c
e
n
t
c
h
a
n
g
e
s
i
n
t
h
e
s
e
c
a
t
e
g
o
r
i
e
s
.
Data
concerning
land
use
was
based
upon
OBERS
information.
Because
a
major
determinant
of
the
future
land
resource
base
of
an
area
is
the
amount
,
of
acreage
of
land
required
for
urban
development
and
expansion,
one
of
the
first
tasks
was
projecting
current
and
future
urban
built-up
lands.
This
i
n
f
o
r
m
a
t
i
o
n
wa
s
o
b
t
a
i
n
e
d
f
r
o
m
the
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
F
r
a
m
e
w
o
r
k
Study.
A
land
requirement
per
unit
increase
in
population
was
calculated
from
the
Great
L
a
k
e
s
B
a
s
i
n
F
r
a
m
e
w
o
r
k
S
t
ud
y
a
n
d
a
d
j
u
s
t
e
d
for
e
a
c
h
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
for
e
a
c
h
time
period.
This
f
a
c
t
o
r
in
c
o
n
j
u
n
c
t
i
o
n
w
i
t
h
the
r
e
v
i
s
e
d
p
o
p
u
l
a
t
i
o
n
i
n
c
r
e
a
s
e
p
r
o
d
u
c
e
d
a
c
a
l
c
u
l
a
t
i
o
n
o
f
u
r
b
a
n
a
c
r
e
a
g
e
f
o
r
1
9
8
0
,
2
0
0
0
,
a
n
d
2
0
2
0
.
O
n
c
e
u
r
b
a
n
e
x
p
a
n
s
i
o
n
wa
s
e
s
t
i
m
a
t
e
d
,
the
p
r
o
j
e
c
t
e
d
u
r
b
a
n
l
a
n
d
n
e
e
d
s
w
e
r
e
s
u
b
t
r
a
c
t
e
d
f
r
o
m
c
ur
r
e
n
t
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
to
a
r
r
i
v
e
at
the
p
r
o
j
e
c
t
e
d
q
u
a
n
t
i
t
y
of
a
g
r
i
c
u
l
t
u
r
a
l
land,
a
n
e
s
t
i
m
a
t
e
as
to
the
q
u
a
l
i
t
y
of
this
l
a
n
d
w
a
s
made.
T
h
i
s
wa
s
d
o
n
e
in
t
e
r
m
s
of
p
r
o
j
e
c
t
e
d
yi
e
l
d
a
v
e
r
a
g
e
s
for
17
m
a
j
o
r
crops.
P
r
e
s
e
n
t
yi
e
l
d
e
s
t
i
m
a
t
e
s
b
y
m
a
j
o
r
crop
a
n
d
b
y
P
S
A
w
e
r
e
a
v
a
i
l
a
b
l
e
in
the
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
F
r
a
m
e
w
o
r
k
Study.
P
r
o
j
e
c
t
i
o
n
s
of
y
i
e
l
d
s
w
e
r
e
m
a
d
e
b
a
s
e
d
u
p
o
n
t
h
e
O
B
E
R
S
S
e
r
i
e
s
C
a
n
d
E'
d
a
t
a
.
A
n
i
n
d
e
x
o
f
s
t
a
t
e
y
i
e
l
d
p
r
o
j
e
c
t
i
o
n
s
w
e
r
e
d
e
v
e
l
o
p
e
d
and
a
p
p
l
i
e
d
to
the
c
u
r
r
e
n
t
n
o
r
m
a
l
y
i
e
l
d
s
b
y
PSA.
A
p
p
l
y
i
n
g
this
i
n
d
e
x
to
c
ur
r
e
n
t
n
o
r
m
a
l
y
i
e
l
d
s
for
e
a
c
h
P
S
A
p
r
o
v
i
d
e
d
n
e
w
projected yields.
P
r
o
d
uc
t
p
r
o
j
e
c
t
i
o
n
s
for
e
a
c
h
of
t
h
e
17
c
r
o
p
s
p
r
e
s
e
n
t
in
e
a
c
h
P
S
A
a
r
e
i
n
c
l
ud
e
d
w
i
t
h
i
n
the
u
n
p
u
b
l
i
s
h
e
d
r
e
v
i
s
e
d
S
e
r
i
e
s
E'
O
B
E
R
S
data.
D
i
v
i
d
i
n
g
these
e
s
t
i
m
a
t
e
s
b
y
p
r
o
j
e
c
t
e
d
y
i
e
l
d
s
g
i
ve
s
a
c
r
o
p
—
b
y
—
c
r
o
p
e
s
t
i
m
a
t
e
of
re-
v
i
s
e
d
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
.
T
h
e
s
u
m
m
a
t
i
o
n
of
t
h
e
n
e
c
e
s
s
a
r
y
a
c
r
e
a
g
e
b
a
s
e
f
o
r
t
h
e
17
m
a
j
o
r
c
r
o
p
s
w
a
s
s
u
b
t
r
a
c
t
e
d
f
r
o
m
t
h
e
p
r
o
j
e
c
t
e
d
a
g
r
i
c
u
l
t
u
r
a
l
c
r
o
p
—
l
a
n
d
base.
T
h
i
s
yi
e
l
d
is
a
r
e
s
i
d
u
a
l
l
a
n
d
b
a
s
e
r
e
f
e
r
r
e
d
to
in
the
t
a
b
l
e
s
a
s
i
d
l
e
l
a
n
d
o
r
i
d
l
e
c
r
o
p
l
a
n
d
.
S
p
e
c
i
a
l
i
z
e
d
L
a
n
d
U
s
e
s
Because
of
changing
technologies,
public
perceptions,
and
legal
and
administrative
regulations,
certain
specialized
land
uses
are
not
expected
to
b
e
i
n
f
l
u
e
n
c
e
d
in
d
i
r
e
c
t
p
r
o
p
o
r
t
i
o
n
to
p
o
p
u
l
a
t
i
o
n
a
n
d
e
c
o
n
o
m
i
c
c
h
a
n
g
e
s
.
Other
factors
surrounding
their
feasibility
and
practicality
must
temper
a
n
y
e
x
p
e
c
t
a
t
i
o
n
o
f
c
h
a
n
g
e
s
b
a
s
e
d
o
n
e
c
o
n
o
m
i
c
a
n
d
d
e
m
o
g
r
a
p
h
i
c
p
r
o
j
e
c
t
i
o
n
s
alone.
p
i
s
p
o
s
a
l
O
p
e
r
a
t
i
o
n
s
It
is
a
s
s
u
m
e
d
that
as
p
o
p
u
l
a
t
i
o
n
a
n
d
e
c
o
n
o
m
i
c
a
c
t
i
v
i
t
i
e
s
g
r
o
w
in
the
L
a
k
e
M
i
c
h
i
g
a
n
b
a
s
i
n
,
t
h
e
g
e
n
e
r
a
t
i
o
n
of
i
n
d
u
s
t
r
i
a
l
and
m
u
n
i
c
i
p
a
l
w
a
s
t
e
w
i
l
l
c
o
n
t
i
n
u
e
to
r
i
s
e
p
r
o
p
o
r
t
i
o
n
a
t
e
l
y
.
H
o
we
ve
r
,
t
h
e
f
o
r
m
s
of
d
i
s
p
o
s
a
l
a
r
e
s
u
b
j
e
c
t
to
c
h
a
n
g
e
s
o
v
e
r
t
i
m
e
.
Mt
e
r
f
l
o
w
p
r
o
j
e
c
t
i
o
n
s
w
e
r
e
b
a
s
e
d
o
n
d
a
t
a
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
_
_
_
_
_
_
_
_
_
_
_
.
B
a
s
i
n
F
r
a
m
e
w
o
r
k
S
t
u
d
,
A
p
p
e
n
d
i
x
7
,
"
W
a
t
e
r
Q
u
a
l
i
t
y
"
.
T
h
e
f
i
g
u
r
e
s
a
s
s
u
m
e
t
h
a
t
m
a
j
o
r
i
n
d
u
s
t
r
i
a
l
u
s
e
r
s
o
f
w
a
t
e
r
w
i
l
l
s
a
t
i
s
f
y
t
h
e
i
r
o
w
n
w
a
t
e
r
n
e
e
d
s
a
n
d
w
i
l
l
t
r
e
a
t
t
h
e
i
r
o
w
n
w
a
s
t
e
w
a
t
e
r
s
.
S
m
a
l
l
i
n
d
u
s
t
r
i
a
l
f
i
r
m
s
a
n
d
o
t
h
e
r
c
a
t
e
g
o
r
i
e
s
o
f
m
u
n
i
c
i
p
a
l
a
c
t
i
v
i
t
i
e
s
a
r
e
s
u
b
f
i
g
u
r
e
s
.
M
u
n
i
c
i
p
a
l
f
i
g
u
r
e
s
a
s
s
u
m
e
t
h
a
t
w
a
t
e
r
i
n
t
a
k
e
w
h
i
l
e
t
h
e
i
n
d
u
s
t
r
i
a
l
f
i
g
u
r
e
s
a
r
e
p
r
o
j
e
c
t
e
d
u
s
i
n
g
h
i
s
t
c
o
e
f
f
i
c
i
e
n
t
s
b
y
S
I
C
c
a
t
e
g
o
r
i
e
s
.
T
h
e
p
e
r
c
a
p
i
t
a
g
e
n
e
r
a
t
i
o
n
o
f
s
o
l
i
d
w
a
s
t
e
p
o
u
n
d
s
p
e
r
c
a
p
i
t
a
p
e
r
d
a
y
i
n
1
9
7
4
,
a
n
d
i
n
c
r
e
a
s
i
n
g
b
T
h
e
t
o
t
a
l
v
o
l
u
m
e
o
f
s
o
l
i
d
w
a
s
t
e
t
o
b
e
d
i
s
p
o
s
e
d
o
f
w
i
s
a
s
s
u
m
e
d
t
o
b
e
3
.
3
2
y
3
.
5
p
e
r
c
e
n
t
y
e
a
r
l
y
.
i
l
l
t
h
e
r
e
f
o
r
e
i
n
c
r
e
a
s
e
.
a
d
t
o
l
a
r
g
e
r
,
r
e
g
i
o
n
a
l
l
y
i
t
i
s
e
x
p
e
c
t
e
d
t
h
a
t
t
h
e
n
u
m
b
e
r
o
f
r
e
a
s
e
f
r
o
m
c
u
r
r
e
n
t
l
e
v
e
l
s
b
y
1
9
9
0
.
.
,
a
n
d
t
h
a
t
a
v
e
r
a
g
e
v
i
g
a
b
l
e
c
h
a
n
n
e
l
s
f
r
o
m
D
e
e
p
w
e
l
l
d
i
s
p
o
s
a
l
o
p
e
r
a
t
i
o
n
s
w
i
l
l
i
n
c
r
e
a
s
e
d
u
e
t
o
t
h
e
q
u
a
n
t
i
t
i
e
s
o
f
i
n
d
u
s
t
r
i
a
l
w
a
s
t
e
s
t
o
b
e
d
i
s
p
o
s
e
d
o
f
.
H
o
w
e
v
e
r
,
t
h
e
r
a
t
e
o
f
i
n
c
r
e
a
s
e
d
e
p
e
n
d
s
u
p
o
n
s
t
a
t
e
a
t
t
i
t
u
d
e
s
a
n
d
t
h
e
r
e
s
u
l
t
s
o
f
t
e
s
t
w
e
l
l
s
.
T
h
e
i
n
c
r
e
a
s
e
w
i
l
l
o
c
c
u
r
,
t
a
t
e
s
m
o
r
e
f
a
v
o
r
a
b
l
e
a
t
t
i
t
u
d
e
t
o
t
h
i
s
Erosion
F
l
u
c
t
u
a
t
i
n
g
l
a
k
e
l
e
v
e
l
s
w
i
l
l
c
o
n
t
i
n
u
e
t
o
a
f
f
e
c
t
s
h
o
r
e
l
i
n
e
e
r
o
s
i
o
n
r
a
t
e
s
o
w
i
t
h
i
n
t
h
e
n
e
x
t
1
0
y
e
a
r
s
l
a
k
e
l
e
v
e
l
s
m
a
y
d
e
c
l
i
n
e
t
o
b
e
l
o
w
c
u
r
r
e
n
t
n
e
a
r
f
u
t
u
r
e
.
T
h
i
s
w
i
l
l
h
e
l
p
t
o
c
o
n
t
r
o
l
t
h
e
a
m
o
u
n
t
o
f
e
r
o
s
i
o
n
o
c
c
u
r
i
n
g
o
n
t
h
e
L
a
k
e
M
i
c
h
i
g
a
n
s
h
o
r
e
l
i
n
e
.
C
r
i
t
i
c
a
l
e
r
o
s
i
o
n
i
s
e
x
p
e
c
t
e
d
t
o
d
e
c
r
e
a
s
e
a
n
a
v
e
r
a
g
e
o
f
1
p
e
r
c
e
n
t
a
y
e
a
r
.
O
v
e
r
a
l
l
c
r
i
t
i
c
a
l
a
n
d
n
o
n
—
c
r
i
t
i
c
a
l
e
r
o
s
i
o
n
c
o
u
l
d
s
h
o
w
a
l
e
s
s
e
r
d
e
c
r
e
a
s
e
,
d
u
e
t
o
t
h
e
l
o
n
g
r
e
a
c
h
e
s
o
f
t
h
e
s
h
o
r
e
l
i
n
e
c
o
m
p
r
i
s
e
d
o
f
e
r
o
d
i
b
l
e
m
a
t
e
r
i
a
l
s
i
n
t
h
i
s
l
a
k
e
b
a
s
i
n
.
I
n
t
e
n
s
i
v
e
A
n
i
m
a
l
F
e
e
d
l
o
t
s
_
.
i
_
~
.
.
.
.
_
.
_
l
.
.
.
_
_
.
.
~
_
.
.
a
_
I
n
t
h
e
L
a
k
e
M
i
c
h
i
g
a
n
b
a
s
i
n
,
t
h
e
r
e
w
i
l
l
c
o
n
t
i
n
u
e
t
o
b
e
i
n
c
e
n
t
i
v
e
s
f
o
r
l
i
v
e
s
t
o
c
k
o
p
e
r
a
t
i
o
n
s
t
o
i
n
t
e
n
s
i
f
y
t
h
e
i
r
o
p
e
r
a
t
i
o
n
s
,
a
n
d
s
o
t
o
e
n
l
a
r
g
e
t
h
e
n
u
m
b
e
r
o
f
h
e
a
d
o
f
l
i
v
e
s
t
o
c
k
o
n
s
m
a
l
l
e
r
l
a
n
d
a
r
e
a
s
.
I
n
t
e
n
s
i
v
e
l
i
v
e
s
t
o
c
k
o
p
e
r
a
t
i
o
n
s
a
r
e
e
x
p
e
c
t
e
d
t
o
h
a
n
d
l
e
t
h
e
s
a
m
e
p
e
r
c
e
n
t
a
g
e
o
f
a
l
l
l
i
v
e
s
t
o
c
k
b
y
1
9
9
0
a
s
i
n
1
9
7
0
.
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 ﬂigh
Density,
Nonsewered
Residential
Areas
It
is
unlikely
that
the
percentage
of
nonsewered
homes
to
total
households will change greatly in the near future.
Most new housing starts
will
be
likely
to
continue
to
occur
in urban
builtnup
areas,
and
to
be
provided with public collection and treatment
of their sewage.
Vacation
home development,
with individual disposal systems, will aid in keeping
rural nonsewered areas at about the same percentage of the total as at present.
The projections were calculated assuming a fixed ratio between
population and household units from 1970 to 1990 based on current ratios.
Breakdowns into sewered and nonsewered households were extrapolated from
current percentage breakdowns for both total and urban categories.
The
totals for each subarea were then aggregated to the Lake Michigan basin.
Recreational Lands
Two factors were used to guide assumptions of recreational trends.
It was assumed that recreational demands would increase not only with
population changes but also with growth in disposable income.
Because
the northern Lake Michigan basin forms a major recreational region in the
Great Lakes Basin and the southern portion contains a large urban population.
The recreational demands in this region are assumed to increase beyond
general rises in disposable income levels in the Lake Michigan basin alone.
Explicit discussion of the methodology employed is given in the Great Lakes
Basin Framework Study,
Appendix 21,"Outdoor Recreation".
 
Materials Usage
Major alterations in agricultural practices and materials usage rates
are not anticipated in the near future based upon opinions of knowledgable
persons in the field.
The amounts of materials used in agricultural
operations, such as agricultural chemicals, commercial fertilizers, lime,
and animal waste will vary, then, with the increase or decrease in
agricultural production.
The seriousness of materials usage in relationship
to water quality problems in Lake Michigan will be affected by changing
technology and land use practices which alter the loading rates per unit
of agricultural land.
Agricultural Chemicals
 
The major variable affecting agricultural chemical usage rates
is crop production rates.
In both the OBERS Series C and E' projections,
cropland acres in the Lake Michigan basin are expected to decrease through-
out 1980, 2000 and 2020. On the other hand, both the Series C and E'
projections forecast agricultural crop production to increase, and therefore
move towards more intensive crop production practices.
Because agricultural chemical usage varies from year to year in
response to seasonal agricultural characteristics, strict linear trend
extrapolation is not advisable. Based on opinions of experts working in
agricultural research, it was projected that herbicides would increase
10 percent from the 1972 base by 1980, and an additional 10 percent by
1990. In response to its economic attractiveness in agricultural operations,
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insecticides were projected to remain relatively constant between.l972 and
1980, but declining by 5 percent by 1990 in response to decreases in
certain insect species predicted between 1980 and 1990. Fungicides are
projected to grow by 5 percent in 1980 and an additional 5 percent by 1990,
in response to increased production of fruits requiring fungicide applications.
Animal Wastes
Livestock production in the Lake Michigan basin is projected to
grow at the rate of 5 percent by 1980, and another 5 percent by 1990.
Total animal waste was calculated for 1970 in each planning subarea, extra-
polated out to 1980 and 1990 and aggregated to the Lake Michigan basin total.
Commercial Fertilizers
 
Production of row crops is projected to increase 30 percent by
1980, and another 20 percent by 1990. Fertilizer increases will increase
moderately to correspond to the more intensive cultivation associated with
this increase in production. Overall usage should increase about 10 percent
by 1980 for a 1972 base, and another 10 percent by 1990. The 1972 base for
the planning subareas was taken and extrapolated to 1980 and 1990. The
planning subareas were then aggregated to the Lake Michigan total.
It is quite likely that the portion of commercial fertilizers
sold as liquid will increase as a percentage of total commercial fertilizers
sold.
Lime
Based on the opinion of those who have studied liming materials,
it was concluded that liming rates will not significantly change in the
near future.
§alts
 
In projecting the amounts of salts to be utilized in the future,
it was assumed that the amount of salts required is dependent upon the
mileage of roadways in the Lake Michigan basin area, which in turn is
dependent upon regional population levels. Based on 1972-73 information
for the planning subareas, the portion of salts applied to the planning
suba
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